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Purpose: Stroke-associated infection (SAI) is one of the most common post-stroke complications, which may lead to a relatively poor
prognosis. This study aims to explore the potential relationship between serum calcium levels and SAI.
Patients and Methods: This is a cross-sectional study involving 395 participants. SAI is a term that covers stroke-associated
pneumonia (SAP), urinary tract infection (UTI), as well as other infections diagnosed during the first week after a stroke. Serum
calcium levels were measured within 24 hrs of admission. To determine the association of serum calcium levels with the SAI, logistic
regression models were calculated. An adjusted spline regression model was used to further confirm the relationship between the two.
Results: Among the total patients, SAI occurred in 107 (27.1%) patients. Serum calcium was associated with SAI and was independent of
the SAI risk factors for age, admission NIHSS score, and intravascular therapy [adjusted OR 0.040 (95% CI = 0.005–0.291), p = 0.002].
Remarkably, this trend applies predominantly to serum calcium levels less than 2.25mmol/L (p= 0.005 for linearity).
Conclusion: Serum calcium levels are associated with the risk of SAI, when serum calcium is below normal (2.25mmol/L), the risk
of SAI increases as serum calcium levels decrease.
Keywords: calcium homeostasis, stroke-associated infection, pneumonia, risk factors

Introduction
Stroke, characterised by a high morbidity, high disability rate and high mortality rate.1 According to the data from the
Ministry of Health China Stroke Prevention Project Committee (CSPPC), from 2012 to 2018, stroke prevalence in China
increased at an average annual rate of 12% (95% CI: 10.9% - 13.3%), placing a heavy burden on society and families.2

Recently, a large-scale domestic epidemiological study data shows that in China, even in the current situation of
continuous improvement of acute ischemic stroke (AIS) diagnosis and treatment process and continuous improvement
of prognosis, the mortality rate during the first hospitalization with AIS is still as high as 0.9% (95% CI: 0.8%-1.1%).3

Prevention and treatment of stroke-related complications is an important measure to improve stroke prognosis. SAI is one
of the most common complications after experiencing a stroke. Studies have shown that the incidence of SAI in hospitals
is as high as 30%, with stroke-associated pneumonia (SAP) being the most common type.4 However, in the early stages
of stroke, common diagnostic features of pneumonia, such as fever, cough, and purulent sputum, are not obvious. This
means that there is greater need for more sensitive and easily accessible SAI markers to help in its early detection. The
occurrence of SAI is associated with post-stroke stress and immunosuppression,5 and severe neurological deficiencies,
dysphagia, as well as underlying lung disease are all risk factors associated with SAI.6 Studies have found that many
indicators related to inflammation and stress may help to predict the occurrence of SAI, but these indicators are not
routine, large-scale clinical popularization is a bit tricky.7

Calcium ions are involved in a variety of physiological and pathological functions of the human body and play an
important role in immunity. As a second messenger, this cation has been central in expanding our understanding of
various physiological functions of immune cells, including proliferation, receptor-induced activation, secretion,
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phagocytosis, and cell death.8 Studies have shown that calcium deficiency in the body can cause abnormal calcium
signals9; furthermore, chronic hypocalcemia can significantly affect the intracellular concentrations of calcium.10

Therefore, hypocalcemia may lead to immune dysfunction in the body, further leading to an increased incidence of
infection. This has been confirmed in some animal studies.11 So far, however, there has been a lack of studies to explore
the correlation between serum calcium and SAI. In this study, we aim to uncover this relationship.

Materials and Methods
Study Design
We enrolled patients from a retrospective clinical database that included consecutive patients who were admitted to the
Lishui City Center Hospital, within 24 hrs after the onset of ischemic stroke between January 2020 to January 2021.

Inclusion and Exclusion Criteria
The inclusion criteria were for patients who suffered from ischemic stroke within 24 hours of the onset of the disease at
the age of 18 or greater. Exclusion criteria were: 1) those who were prescribed calcium channel blockers or antibiotics
during hospitalization within 2 weeks prior to hospitalisation; 2) any infection or pyrexia within 2 weeks prior to
hospitalisation; 3) signs or symptoms suggestive of infection at admission; 4) if immunosuppressants or glucocorticoids
were used within 3 months of admission; and 5) if tracheal intubation is required to assist in ventilation. Ultimately,
a total of 395 patients were included in the analyses (Figure 1).

Infectious Endpoints
The observed outcome of the study was the presence of SAP within 7 days of hospitalization. SAI refers to SAP, UTI, as
well as other infections, which are diagnosed during the first week after a stroke. Or the diagnostic criteria for infections
refer to the US Centers for Disease Control and Prevention standards.12 Briefly, SAI is defined as any form of infection
that occurs within 7 days of onset of a stroke and is manifested by a fever (>37.5°C) or an elevated white blood cell count
(≥1.2×109/L), with clinical manifestations of the corresponding organ infection (including purulent sputum, pulmonary
infiltrate, or abnormal urine sediment). The definition requires that pneumonia be confirmed by a chest CT.

Data Collection
After obtaining consent, patients’ data were collected from their medical records, including age and gender, smoking,
alcohol consumption, in addition to risk factors. Patients’ medical backgrounds were also collected including, diabetes,

Figure 1 Flow Diagram of the Participant Selection. SAI, stroke-associated infection; CCB, calcium channel blockers.
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hypertension, chronic obstructive pulmonary disease, and fatty liver disease. Furthermore we obtained National Institutes
of Health Stroke Scale (NIHSS) scores and previous evidence of intravascular therapy. The baseline laboratory
examinations were derived directly from the hospital laboratory database based on the patient’s admission number,
including fasting blood glucose (FBG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglycerides (TC), cholesterol, and absolute values of lymphocytes within 24 hours of admission. Serum
calcium levels in all patients were obtained within 24 hours of admission, and was tested for by a professional from the
laboratory department of Lishui Hospital of Zhejiang University. The stroke severity was assessed by well-trained
neurologists using NIHSS score, within 24 hrs of hospital admission.

Statistical Analysis
Continuous variables with normal distributions are expressed in mean±SD, while the remaining measurement data are
shown as the median + interquartile range. Categorical variables are presented as frequency and percentage. Continuous
variables were compared with the Student’s t-test or Mann Whitney U-test as appropriate, and the chi-square test and
Fisher exact test were used for categorical variables. All reported p-values were 2-sided with p<0.05 considered
significant. Logistic regression analyses were performed to estimate the Odds Ratio (OR) and the resulting 95%
confidence intervals (CI) of the association between serum calcium levels and SAI risk. Variables with p < 0.05 in
univariate analysis were candidates for inclusion in multivariate logistic regression analysis. We further evaluated the
pattern and magnitude of associations between the serum calcium levels and the risk of SAI using an adjusted spline
regression model, fitting a restricted cubic spline function with 3 knots (10th, 50th, and 90th percentiles). All analyses
were conducted with R for Windows (version 4.1.0; http://www.r-project.org/).

Results
Baseline Characteristics of the Patients with and without SAP
The study ultimately included 395 patients, of whom 271 (68.6%) were men, with an average age of 68.3±12.5 years. Of
these, 107 (27.1%) patients were diagnosed with in-hospital SAI. The baseline characteristics of the patients with and
without SAP are presented in Table 1. There were no statistical differences between the two groups relating to their
backgrounds of smoking, alcohol consumption, hypertension, diabetes, and COPD. Patients with SAI suffered from
relatively severer neurological deficits [higher NIHSS score, 3 (1–5) versus 10 (3–15); p<0.001], tended to be older in
age (66.6±12.5 versus 72.8±11.4; p<0.001) and were more likely to undergo intravascular therapy [19 (6.60%) versus 38
(35.5%); p<0.001]. The values of serum calcium in non-SAI and SAI patients were 2.23±0.14 and 2.14±0.14,
respectively. Compared to patients without SAP, those with SAP had significantly lower serum calcium levels
(p<0.0001). Meanwhile, the baseline free fatty acid, fasting blood sugar, triglyceride, and cholesterol levels were higher
in patients with SAP (Table 1).

Association Between Serum Calcium and SAI
In our univariate analysis, the risk of SAI was negatively correlated with serum calcium levels [0.006 (95% CI =0.001–
0.038), p = 0.035], as shown in Table 2. Age, history of intravascular therapy, admission NIHSS score, fasting blood
sugar level, free fatty acid level and white blood cell count, were all significantly associated with the risk of SAP (all
p <0.05). In our multivariable logistic regression analysis, serum calcium levels remained significant after adjusting for
confounders [model 2:0.037 (95% CI = 0.004–0.270), p = 0.002; model 3: 0.040 (95% CI = 0.005–0.291), p = 0.002].
Age [1.03 (95% CI = 1.01–1.05), p = 0.01] and admission NIHSS score [1.14 (95% CI = 1.08–1.20), p <0.001] are also
standalone risk factors for SAI. The risk of SAI is higher when the blood calcium concentration is less than 2.25mmol/L,
within 24 hours of admission [adjusted OR 3.009 (95% CI = 1.629–5.803), p <0.001].

Furthermore, multiple-adjusted cubic spline regressions confirmed the association between SAI risk and serum
calcium levels (Figure 2). Within the range of serum calcium less than 2.25mmol/L, the risk of SAI increases with the
decrease of serum calcium (P = 0.005 for linearity). When serum calcium is greater than 2.25mmol/L, there is no
statistically significant relationship between SAI risk and serum calcium.
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Discussion
This study involved 395 patients, of whom 27.1% developed SAI, which is consistent with previously published studies.4

We found that serum calcium was associated with SAI and was independent of the SAI risk factors for age, admission
NIHSS score, and intravascular therapy [adjusted OR 0.040 (95% CI = 0.005–0.291), p = 0.002]. Remarkably, this trend
is predominantly related to when the serum calcium level is less than 2.25mmol/L. This illustrates that serum calcium is
a reliable and easily detectable risk factor for SAI.

Until now, there has been a lack of research that explores the relationship between serum calcium and SAI, although
some animal studies suggest a possible link between serum calcium and infection.11 As a second messengers, calcium ions
are involved in the realization of various physiological functions of immune cells, including proliferation, receptor-induced

Table 1 Patient Characteristics Stratified by Infections

Variables Total (395) No Infection (288) Infection (107) p-value

Demographics
Male, n (%) 271 (68.6%) 198 (68.8%) 73 (68.2%) 0.75

Age, y, mean (SD) 68.3±12.5 66.6±12.5 72.8±11.4 <0.001

Current smoking, n (%) 160 (40.5%) 121 (42.01%) 22 (20.56%) 0.87
Current drinking, n (%) 100 (25.32%) 78 (27.08%) 39 (36.45%) 0.93

Comorbidities, n (%)
Diabetes 103 (26.1%) 77 (26.7%) 26 (24.3%) 0.75
Hypertension 303 (76.71%) 228 (79.17%) 75 (70.09%) 0.98

COPD 9 (2.3%) 7 (2.4%) 2 (1.9%) 0.75
Clinical parameters
mRS score before admission 0 (0–0) 0 (0–0) 0 (0–0) 0.03

EVT, n (%) 57 (14.4%) 19 (6.6%) 38 (35.5%) <0.001
Admission NIHSS score 3 (2–8) 3 (1–5) 10 (3–15) <0.001

Laboratory parameters
FPG, mmol/L, median (IQR) 6.07 (5.14–8.10) 5.93 (5.12–7.74) 6.84 (5.17–8.58) 0.03
WBC, ×109/L, mean (SD) 7.84 ± 2.75 7.53 ± 2.47 8.69 ± 3.26 0.001

HDL-C, mmol/L, mean (SD) 0.98 ± 0.29 0.98 ± 0.27 0.98 ± 0.32 0.91

LDL-C, mmol/L, mean (SD) 2.53 ± 0.93 2.55 ± 0.91 2.43 ± 0.99 0.25
CHO, mmol/L, median (IQR) 4.27 (3.53–5.05) 4.31 (3.62–5.06) 3.97 (3.29–4.93) 0.03

FFA, μmol/L, median (IQR) 476.0 (325.5–630.0) 446.0 (304.0–593.3) 551.0 (424.5–699.0) <0.001

TC, mmo/L, median (IQR) 1.21 (0.85–1.69) 1.29 (0.96–1.76) 0.96 (0.76–1.45) <0.001
Serum calcium, mmol/L, median (IQR) 2.20 ± 0.14 2.23 ± 0.14 2.14 ± 0.14 <0.001

Abbreviations: COPD, chronic obstructive pulmonary disease; CHO, cholesterin; IQR, interquartile range; mRS, modified Rankin Scale; SAI, stroke-associated infection;
FPG, Fasting blood sugar; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; FFA, free fatty acid; NIHSS, National Institutes of Health
Stroke Scale; TC, triglyceride; WBC, white blood cell.

Table 2 Multivariate Adjusted Odds Ratios for the Association Between Serum Calcium Levels and SAI

Variables Model 1* Model 2† Model 3‡

Crude OR
(95% CI)

p-value Adjusted OR
(95% CI)

p-value Adjusted OR
(95% CI)

p-value

Increase of 1 mmol of

serum calcium

0.006 (0.001–0.038) <0.001 0.037 (0.004–0.270) 0.002 0.04 (0.005–0.291) 0.002

Serum calcium
<2.25mmol/L vs Serum

calcium ≥ 2.25mmol/L

3.308 (1.948–5.864) <0.001 2.831(1.540–5.397) 0.001 2.997 (1.629–5.803) <0.001

Notes: *Model 1 unadjusted. †Model 2 with P<0.05 in univariate analysis (age, EVT, admission NIHSS score, FPG, WBC and FFA). ‡Model 3 adjusted for age, EVT, admission
NIHSS score.
Abbreviations: FPG, fasting blood sugar; FFA, free fatty acid; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; WBC, white blood cell.
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activation, secretion, phagocytosis, convergization, and programmed cell death.8 We speculate that on the one hand, the
concentration of extracellular calcium ions may affect the key calcium signalling channels within immune cells, which in
turn affects the body’s immune function. Some studies have found that serum calcium levels can affect calcium signals
within cells9,10 and that changes in calcium ion levels can affect the body’s immune function.11,13 In addition, evidence
from a cohort study suggests that adequate serum calcium levels are associated with low levels of chronic inflammation.14

Calcium ions involved in the immune defences against bacterial infections can be complex. The internal flow of calcium
ions is considered to be an important part of the pathophysiology of sepsis.15 Meanwhile, the use of calcium channel
blockers can reduce the probability of severe sepsis [adjusted OR 0.466 (95% CI = 0.412–0.798), p < 0.001].16 Notably, due
to the distribution of serum calcium levels in this group of patients, we cannot confirm the relationship between serum
calcium and SAI risk when it exceeds the normal range.

On the other hand, deficiency of vitamin D (<25nmol/L), an important hormone that regulates calcium homeostasis,
has been shown to be an independent risk factor for SAP [adjusted OR 2.997 (95% CI = 1.185–7.584), p = 0.020].17

Similar to the study on vitamin D levels and the relationship between SAP, our study identified an increased risk of SAI
when the serum calcium concentration was less than 2.25mmol/L [adjusted OR 3.009 (95% CI = 1.629–5.803),
p <0.001]. Low serum calcium levels may be associated with low vitamin D levels in stroke patients at high risk of
SAI. Vitamin D and serum calcium have complex interactions in the regulation of immunity. One in vitro study found
that 1,25-(OH)2D produced striking up-regulation of genes involved in immune responses, inflammation, extracellular
matrix, and cell adhesion, which was almost eliminated by the addition of calcium ions.18

In addition, another hypothesis is that serum calcium may reflect post-stroke stress and immunosuppression. Stroke-
induced immunodepression syndrome (SIIS) is characterised by post-stroke monocyte dysfunction and lymphopenia, and
its main mechanisms include impaired immune system function due to dysfunction of the autonomic nervous system in
acute post-stroke stress.19 Activation of the hypothalamic-pituitary-adrenal cortex axis (HPA) leads to the production of
large amounts of glucocorticoids, further inducing lymphopenia and altering the level of inflammatory/anti-inflammatory
mediators. It is worth noting that the increase of glucocorticoids, in addition to affecting the function of the immune

Figure 2 Association Between Serum Calcium Levels and Risk of SAI. The reference serum calcium levels were 2.25 mmol/L. The two dotted lines represent 95%
confidence intervals. And the solid gray curve is the ORs value. ORs and 95% confidence intervals derived from restricted cubic spline regression, adjusting for the same
variables as model 3 in Table 2.
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system, can also antagonize parathyroid hormones, resulting in an imbalance in calcium regulation, resulting in
a decrease in blood calcium levels.

In this study, the average serum calcium levels of the included participants were lower than normal (overall 2.20
±0.14mmol/L, infected 2.14±0.14mmol/L, non-infected 2.23±0.14mmol/L). Some studies have found that the incidence
of hypocalcemia is higher in hospitalized patients.20 Therefore, hypocalcemia may be one of the common manifesta-
tions in hospitalized cerebral infarction patients. In addition, low calcium intake is one of the risk factors for stroke in
specific populations.21 This may be another reason why stroke patients in our study showed lower serum calcium levels.

Many new blood indicators have been shown to predict the risk of SAI or SAP. Recently, for the first time, Xabier
Urra et al22 confirmed through clinical studies, that high levels of cortisol are an independent risk factor for SAI.
Zonneveld et al23 found that a blood glucose >7.8 mmol/L upon admission was an independent risk factor for post-stroke
infection (aOR 2.31, 95% CI 1.31–4.07); however, for patients with confirmed diabetes, a high blood glucose level could
not predict post-stroke infection (aOR 0.49, 95% CI 0.15–1.58). In our study we also discovered patients who eventually
developed SAI had higher blood glucose levels during admission compared with the SAI-free group (mean 5.93 mmol/L
vs 6.84 mmol/L, p = 0.03).

In addition, CPus, PCTus24 and neutrophil-to-lymphocyte ratio (NLR),25 have all been proven to be independent
predictors of SAP. Moreover, serum amyloid A is considered a new independent predictor of SAI.26 Compared with
some SAI prediction markers, serum calcium detection is more popular in primary hospitals, and can be better applied in
hospitals with relatively backward testing equipment. In the future, more research is needed to integrate these indicators
of post-stroke infection, to assess whether SAI and SAP forecasts can be further improved. We believe this study
highlights how calcium levels may be one of the possible candidates for this improved predictive capacity. On the other
hand, the correlation between serum calcium and SAI has been demonstrated, which may provide new ideas for studying
the mechanism of SAI occurrence.

Our study has several limitations. First, due to the lack of data, we were forced to neglect the symptom of dysphagia,
which has been proven to be an independent risk factor for SAP. Second, because our study analysis is retrospective and
single-centered in nature, it’s unclear if low serum calcium concentration is an early manifestation of infection or if low
calcium leads to an increased risk of infection. Thus, additional large-scale, prospective clinical cohorts are needed to
confirm our findings. Finally, the infection rates after hospitalization were also not accounted for, which means some
potentially infected people may be included in non-infected groups. However, this is more likely to lead to a bias toward
the null hypothesis and thus underestimate the correlation between serum calcium and SAI.

Conclusion
In summary, our study is the first to report that reduced serum calcium levels are associated with the occurrence of SAI in
inpatient stroke patients. In the future, if our findings are validated in a larger prospective cohort, serum calcium levels
may help select patients who are susceptible to infection.

Abbreviations
COPD, chronic obstructive pulmonary disease; CHO, cholesterin; IQR, interquartile range; mRS, modified Rankin
Scale; SAI, stroke-associated infection; SAP, stroke-associated pneumonia; FPG, Fasting blood sugar; HDL-C, high
density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; FFA, free fatty acid; NIHSS, National
Institutes of Health Stroke Scale; OR, odds ratio; TC, triglyceride; WBC, white blood cell; UTI, urinary tract
infection.
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