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Non-Linear Association Between Serum Alkaline Phosphatase and 3-Month Outcomes in Patients With Acute Stroke: Results From the Xi'an Stroke Registry Study of China
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Background: Alkaline phosphatase (ALP) is associated with an increased risk of cardiovascular events and is closely related to adverse outcomes after stroke. However, the regional investigation into the associations of ALP with acute stroke (AS) outcomes is limited. This study aimed to identify the association between serum ALP levels and clinical outcomes 3 months after AS in the Xi'an district of China.

Methods: We enrolled all patients with AS from 4 hospitals in the Xi'an district from January to December 2015. ALP levels and related patient information were collected at admission, and the events of stroke outcomes were followed up 1 and 3 months after diagnosis. ALP levels were analyzed as continuous variables and quartiles (Q1–Q4). The outcomes included all-cause mortality, recurrent stroke, and poor functional outcomes (modified Rankin Scale score of 3–6) within 3 months. A multivariate logistic regression and interaction analyses were performed to evaluate the independent association between serum ALP level and 3-month stroke outcomes.

Results: Overall, 2,799 patients with AS were enrolled in this study. The mean age was 63.9 ± 12.5 years. In the Q4 (≥93.0 U/L) group, the incidences of all-cause mortality, recurrent stroke, and poor functional outcomes were 7.8, 2.7, and 24.9%, respectively. After being adjusted for confounding variables, patients in Q4 (≥93.0 U/L) were related to an increased risk of all-cause mortality [odds ratio (OR) = 2.17, 95% CI: 1.19–3.96; P = 0.011] and patients in Q3 (76.8–92.9 U/L) were related to a lower risk of recurrent stroke (OR = 0.37, 95% CI: 0.14–0.97; P = 0.043) at the 3-month time point, compared to those in Q2 (63.0–76.7 U/L). The optimal range of ALP for all-cause mortality was seen in Q2, with a nadir level of 70 U/L. However, differences were statistically insignificant between ALP levels and poor functional outcomes (P > 0.05). Moreover, there was no significant interaction between ALP levels and age, gender, drinking status, smoking status, or pneumonia (P > 0.05) for all outcomes.

Conclusion: Non-linear associations were observed between serum ALP levels and 3-month outcomes in patients with AS. It might be beneficial to reduce the risk of all-cause mortality and recurrent stroke by maintaining ALP at optimal ranges.
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INTRODUCTION

Strokes are a leading cause of death and disability, ranking third globally and first in China (1, 2). Therefore, there is an urgent need to identify and manage the risk factors for adverse stroke outcomes as early as possible.

Alkaline phosphatase (ALP) is an enzyme that catalyzes the hydrolysis of organic pyrophosphate, an inhibitor of vascular calcification (3, 4). Serum ALP is a well-known marker of skeletal or hepatobiliary dysfunction in clinical practice (5–7), the functions of ALP include regulation of the balance between initiators and inhibitors of mineralization, and enhancement of vascular calcification (8, 9). In recent years, there has been increasing evidence that serum ALP level is related to the risk of cardiovascular diseases and all-cause mortality in the general population, myocardial infarction, survivors and clinical populations (10–17). Previously, some other studies revealed that ALP was associated with stroke outcomes. Two investigations reported that elevated ALP was related to all-cause mortality or stroke recurrence after stroke (18, 19), and another two studies revealed positive relationships between ALP and poor functional outcomes after ischemic and hemorrhagic stroke (20, 21). However, the above investigations were mainly large-scale or single-center studies, and there is a lack of small-scale, regional, or multi-center studies (18–21).

In this study, we collected serum ALP and related clinical data of patients with acute stroke (AS) in the Xi'an Stroke Registry Study of China, hoping to investigate the associations between serum ALP levels and 3-month clinical outcomes including all-cause mortality, recurrent stroke, and poor functional outcomes in patients with AS.



MATERIALS AND METHODS


Study Population

All patients with AS hospitalized in any of the four tertiary grade A hospitals in the Xi'an district of China between January and December of 2015 were enrolled. Patients were eligible if they met the following criteria: (1) 18 years of age or older; (2) diagnosed within 7 days after symptom onset; (3) diagnosed as acute ischemic stroke, transient ischemic attack, spontaneous intracerebral hemorrhage, or subarachnoid hemorrhage confirmed by computed tomography or magnetic resonance imaging. During the initial stage of the study, 3,117 patients with AS underwent integrated medical examinations, and follow-ups were conducted one and 3 months after stroke onset. Among these patients, 174 without ALP values were excluded. Furthermore, 144 patients lost to follow-up at the end of 3 months were also excluded. The resulting cohort included 2,799 patients with AS for the final analysis. The details of the inclusion and exclusion criteria and the study process flowchart are illustrated in Figure 1. The inclusion criteria were consistent across all participating hospitals. The study was conducted following the guiding principles of the Declaration of Helsinki. The academic committee of Xi'an No. 1 Hospital and the ethics committees of all participating hospitals approved the study [Approval No. 2014(5)]. Written informed consent was obtained from all patients.


[image: Figure 1]
FIGURE 1. Flowchart of patient enrollment. ALP, alkaline phosphatase.




Baseline Data Collection

This is a multi-center, prospective cohort study to investigate the association between serum ALP levels and outcomes of AS patients in Xi'an, China. Baseline data, including demographic information, medical history, vascular risk factors, assessment at admission and discharge, important laboratory data, and complications, were collected (Table 1). Vascular risk factors included previous stroke, hypertension, diabetes mellitus (DM), atrial fibrillation (AF), smoking status, and drinking status. Body mass index (BMI) and other related complications were defined according to the Chinese National Stroke Registry (CNSR) study (22). The National Institutes of Health Stroke Scale (NIHSS) was used to estimate the initial neurologic severity within 24 h of admission. The occurrence of pneumonia during hospitalization was also recorded. Fasting blood samples were drawn within 24 h of admission, and routine laboratory tests were conducted within 2 h of collection. Using an automated enzymatic method, serum ALP levels were measured at each research center. All measurements were performed in a central laboratory blinded to the clinical situations of all subjects. The ALP levels were analyzed and treated as continuous variables and categorical variables (Q1–Q4). ALP quartiles (Q1–Q4) were defined as the distribution of ALP from low to high and divided into four parts. The range of quartiles (Q1–Q4) are as follows: Q1: ≤ 62.9 U/L, Q2: 63.0–76.7 U/L, Q3: 76.8–92.9 U/L, Q4: ≥ 93.0 U/L.


Table 1. Baseline characteristics of the patients according to quartiles of ALP levels.
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Clinical Outcomes and Follow-Up

A follow-up was performed 1 and 3 months after the onset of AS. Patients were followed up over the phone or interviewed face-to-face by trained research coordinators, who were unaware of the stroke history of all patients. The adverse clinical outcomes of the 3-month follow-up included all-cause mortality, recurrent stroke, and poor functional outcomes. All-cause mortality was defined as death from any cause and confirmed through the medical records from the hospitals where the treatments or the death certificates of the local citizen registry were issued. Recurrent stroke included the new occurrence of ischemic stroke, transient ischemic attack, spontaneous intracranial hemorrhage, or subarachnoid hemorrhage during the follow-up. Confirmation of recurrent stroke was sourced from the corresponding hospitals to ensure a reliable diagnosis during the follow-up. In the case of suspected recurrent stroke events without hospitalization, adjudication was made by the independent outcome events judgment committee. A modified Rankin Scale score of 3–6 3 months after AS onset was defined as a poor functional outcome.



Statistical Analysis

Continuous variables were presented as mean ± SD or medians (interquartile range, IQR) and categorical variables were presented as percentages (%). One-way analysis of variance (ANOVA) was used for normally distributed continuous variables to assess differences between groups, and a chi-square test (χ2) was used for categorical variables. When the sample did not satisfy a normal distribution, multiple groups were compared using the Kruskal–Wallis rank-sum test. Multivariable logistic regression models were performed to investigate the correlation between serum ALP levels and stroke outcomes. Odds ratios (ORs) and 95% CIs were calculated. The covariables in the logistic regression equation were selected based on their associations with the outcomes of interest or a change in effect estimate of >10%. The potential association pattern between ALP and 3-month stroke outcomes was explored on a continuous scale with restricted cubic splines. A two-piecewise linear regression model was performed to examine the threshold effect of ALP on stroke outcomes in terms of the smoothing plot. A recurrence method was used to automatically calculate the breaking point of ALP, yielding the maximum model likelihood. A log-likelihood ratio test was also conducted to compare the one-line linear model with the two-piecewise linear regression model. Kaplan–Meier curves (log-rank test) were used to evaluate the difference in the probability of 3-month outcomes among different stroke types. Subgroup analyses were conducted for age, gender, smoking status, drinking status, and pneumonia during hospitalization using stratified logistic regression models. Interactions among subgroups were tested using a likelihood ratio test. Statistical significance was set at P <0.05. All analyses were conducted using the statistical software packages R 3.3.2 (http://www.R-project.org, The R-Foundation) and Free Statistics software version 1.3 (Free Clinical Medical Technology, Inc. Beijing, China).




RESULTS


Baseline Characteristics

A total of 2,799 eligible subjects (1,741 men and 1,058 women) were enrolled in our study, with a mean age of 63.9 ± 12.5 years. In the higher quartiles of ALP, there were more women, more patients with hypertension, smokers, and nondrinkers, and more patients with pneumonia during hospitalization. Higher baseline NHISS scores existed. Patients from the higher quartiles tended to have higher triglyceride levels, low-density lipoprotein, fasting blood glucose, alanine aminotransferase, aspartate aminotransferase, blood urea nitrogen, white blood cell count, systolic blood pressure, diastolic blood pressure, and pulse. However, the levels of serum total cholesterol, high-density lipoprotein, creatinine clearance rate, estimated glomerular filtration rate, international normalized ratio, uric acid, and platelet did not increase with serum ALP levels. Age, previous stroke, DM, AF, and BMI were not significantly different among the quartiles. The distributions of the different stroke types are illustrated in Table 1.



The Rates of 3-Month Outcomes Grouped by Quartiles of ALP

The clinical outcomes at the 3-month time point are illustrated in Table 2. The overall incidences of all-cause mortality, recurrent stroke, and poor functional outcomes at 3 months were 4.6, 2.0, and 20.4%, respectively. The rates of all-cause mortality and poor functional outcome at 3 months were higher in the Q4 group when compared with the Q1, Q2, and Q3 groups (P < 0.001). However, there was no significant difference in recurrent stroke among different ALP quartiles (P = 0.097).


Table 2. Rates of 3-month outcomes according to quartiles of ALP levels.
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Multivariable Logistic Regression of 3-Month Outcomes

The multivariable logistic regression analysis of ALP levels and stroke outcomes are illustrated in Table 3. A continuous variable analysis demonstrated that the risk of death increases by 7% after being adjusted for potential confounding variables (adjusted OR = 1.07, 95% CI: 1.01–1.14; P = 0.03) when ALP rises per 10 U/L. However, the risk of recurrent stroke (adjusted OR = 1.00, 95% CI: 0.91–1.10; P = 0.978) and poor functional outcomes (adjusted OR = 1.04, 95% CI: 0.98–1.08; P = 0.086) did not increase with ALP levels.


Table 3. Multivariable logistic regression of 3-month outcomes.
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A quartile variable analysis indicated that patients in Q4 were more likely to have a higher risk of mortality within 3 months of AS (adjusted OR = 2.17, 95% CI: 1.19–3.96, P = 0.011) when compared with those in Q2. Patients in Q1 and Q3 were related to a higher risk of all-cause mortality than those in Q2, but there was no significant difference was revealed (P > 0.05). For recurrent stroke, patients in Q3 were correlated with a lower risk of recurrent stroke compared to those in Q2 (adjusted OR = 0.37, 95% CI: 0.14–0.97; P = 0.043). Meanwhile, patients in Q1 and Q4 tended to have a relatively lower risk of recurrent stroke, but the difference was insignificant (P > 0.05) in comparison with those in Q2. In comparison with Q2, the risk of poor functional outcomes was lower in Q1 and higher in Q3 and Q4, but these differences were not significant (P > 0.05).

We further conducted a threshold effect analysis of ALP level with 3-month all-cause mortality and recurrent stroke. The two-piecewise linear regression model demonstrated that the optimal range for all-cause mortality was Q2, with a nadir value of 70 U/L (Log-likelihood ratio test, P-value 0.035; Table 4), and the optimal range for recurrent stroke was Q3, with a nadir value of 80 U/L (Log-likelihood ratio test, P-value 0.119; Supplementary Table I).


Table 4. Threshold effect analysis of ALP level and 3-month all-cause mortality.
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In addition, the functional outcomes of different stroke types were analyzed, and all four stroke subtypes had lower proportions of poor functional outcomes (Supplementary Figure I). We further conducted a logistic regression analysis of the association between ALP and poor functional outcomes in different stroke subtypes and the results showed no significant differences after adjusting for confounding variables (P > 0.05, Supplementary Table II). And the association was stable in different stroke subtypes (P for interaction > 0.05, Supplementary Table II). In addition, non-linear associations were all revealed between serum ALP levels and 3-month outcomes after AS by restricted cubic splines (Figure 2).
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FIGURE 2. Adjusted odds ratio of adverse outcome after acute stroke according to serum ALP levels on admission. (A) All-cause mortality. (B) Recurrent stroke. (C) Poor functional outcome.




Subgroup Analysis

To assess whether the associations between ALP levels and 3-month outcomes among the different subgroups were consistent, stratified and interactive analyses were performed. The analyses demonstrated that age, gender, smoking status, drinking status, and pneumonia during hospitalization had no interaction effect on the associations between ALP levels and adverse stroke outcomes, including all-cause mortality, recurrent stroke, and poor functional outcomes (P for interaction ≥0.05, Supplementary Figure II).

In addition, to preliminarily identify the cumulative rates of all-cause mortality and recurrent stroke in different stroke subtypes, we plotted the Kaplan–Meier curves of 3-month stroke outcomes for different subtypes. Kaplan–Meier curves demonstrated that spontaneous intracerebral hemorrhage and subarachnoid hemorrhage might have higher mortality rates than TIA and ischemic stroke, while only subarachnoid hemorrhage had the highest rate of recurrent stroke within 3 months (P < 0.001; Supplementary Figure III).




DISCUSSION

This study found non-linear associations between serum ALP levels and outcomes at the 3-month time point in patients with AS in the Xi'an district. The optimal range for all-cause mortality was Q2 (63.0–76.7 U/L) with a nadir value of 70 U/L. As for recurrent stroke, the preferable range was Q3 (76.8–92.9 U/L).

Previously, a CNSR-based study demonstrated that the higher ALP levels (>98 U/L) had a 1.36-fold increased risk of 1-year all-cause mortality when compared with the lower ALP levels (≤ 59.0 U/L) (18). A prospective study from South Korea revealed that the higher ALP levels (≥97 U/L) were related to a 2.83-fold increased risk of long-term all-cause mortality in contrast to the lower ALP levels (≤ 57.0 U/L) (19). In our results, the risk of all-cause mortality at 3 months for the Q4 group (≥93.0 U/L) increased 2.17 times compared with the Q2 group (63.0–76.7 U/L). The risk of all-cause mortality obtained in this study was higher than that in the CNSR-based study but lower than that in the South Korean study. This discrepancy might be due to differences in regions, study populations, and follow-up periods. In contrast to our study, the CNSR-based study ruled out patients with eGFR <60 ml/min per 1.73 m2 and had a 1-year follow-up. The eGFR was adjusted as a covariate to control the influence of renal impairment in our study but was not adjusted in the South Korean study. Additionally, the optimal ALP value and breakpoint were limited, as referenced in previous studies (18, 19). The threshold effect and two piecewise linear regression analysis of our study indicate that both lower and higher levels of ALP were associated with an elevated risk of all-cause mortality and that the optimal range was Q2: 63.0–76.7 U/L with a nadir value of 70 U/L. These results suggest that the risk of all-cause mortality in stroke patients in the Xi'an district may be reduced by maintaining optimal ALP levels.

Elevated ALP levels were also considered to be related to an increased incidence of recurrent stroke. The CNSR-based study also suggested that a higher ALP level (>98 U/L) was associated with a 1.45-fold higher risk of 1-year recurrent stroke when compared with the lower ALP levels (≤ 59.0 U/L) (18). Our study demonstrated that the risk of recurrent stroke decreased by 63% in Q3 (76.8–92.9 U/L), compared with the ALP levels in Q2 (63.0–76.7 U/L). In contrast to the CNSR-based study, our study revealed a strong non-linear association between ALP levels and 3-month recurrent stroke with an optimal range in Q3 (76.8–92.9 U/L). Our results were similar to those of a Japanese study, in which a non-linear association between ALP and stroke occurrence was found (12). In addition to differences in follow-up periods, populations, and research designs, we considered that the differences in the baseline characteristics of patients might also account for the discrepancy with the CNSR-based study. In Xi'an district, fewer patients with previous stroke (27.5 vs. 34.0%), smokers (24.0 vs. 43.2%) and drinkers (23.7 vs. 28.5%) were detected. The unique characteristic of patients in the Xi'an district highlights the importance of conducting regional stroke research. These differences also indicate that the characteristics of stroke patients may differ by regions, lifestyles, and economic statuses, emphasizing the importance of conducting regional stroke research (2, 23). The risk of short-term recurrent stroke might be reduced by monitoring and maintaining serum ALP levels at a preferable range at early onset.

Previous studies have demonstrated that higher serum ALP levels are related to poor functional outcomes (8, 18, 20). However, our data revealed an insignificant association between ALP levels and 3-month poor functional outcomes. The low proportion of poor functional outcomes (Supplementary Figure I) and the insignificant association with ALP in different stroke subtypes (Supplementary Table II) may account for the insignificant association between ALP levels and 3-month poor functional outcomes in our study. In addition, the percentages of the enrolled stroke patients with a history of stroke (27.5 vs. 34.0% by Zong et al. and 33.6% by Kim et al.), AF (6.6 vs. 23.7% by Kim et al. and 20.2% by Naito et al.) or pneumonia during hospitalization (6.7 vs. 8.3% by Zong et al.) were lower in the present study, and our patients tended to be younger (8, 18, 20). Previous stroke, AF, pneumonia, and old age are all potential factors leading to poor outcomes after stroke (24–26). These different outcomes must have caused our different findings from other studies, thus reaffirming the need for conducting more regional research.

The results of our subgroup analysis revealed that gender and drinking status did not affect the correlations between ALP levels and stroke outcomes, the findings being consistent with the CNSR-based study but not with some other studies (12, 18, 27, 28). By comparing clinical characteristics, we supposed that the imbalance in the female proportion (37.8 vs. 61.8%) and nondrinkers (76.3 vs. 96.1%) might contribute to the discrepancy, implying that gender and drinking status in our study should have some impact on the association between ALP and stroke outcomes (12). Therefore, further studies are needed to explore the effects of ALP on adverse stroke outcomes in subgroups of gender and alcohol consumption. In addition, the Kaplan–Meier curves of 3-month cumulative rates of all-cause mortality and recurrent stroke differ significantly in different stroke subtypes, providing a new direction for investigating ALP levels with all-cause mortality and recurrent stroke in different stroke types.

Although the mechanisms of the effect of ALP in stroke are currently not fully understood, some hypotheses have been proposed in the previous studies. One working hypothesis is that elevated ALP may accelerate the calcification and stiffening of vessels, decrease vascular compliance and cause atherosclerosis (9, 18, 29). Elevated ALP levels were also hypothesized to trigger systemic inflammation, subsequently leading to adverse stroke outcomes (30, 31). CD34-positive cells play an important role in maintaining vascular homeostasis and repair (32–34). A reduction in CD34-positive cells has been approved to be related to increased infarction numbers (35). Studies have reported that ALP level was positively related to the number of CD34-positive cells, therefore we speculated that low ALP level may lead to an increased likelihood of poor outcomes by affecting the number of CD34-positive cells (35, 36). Our results suggest that either higher or lower ALP levels are related to mortality and recurrence after stroke, providing new insight into the underlying mechanisms of the ALP impact on stroke outcomes.

This study has some limitations that should be addressed in future studies. First, the selection bias of enrolled patients existed as only patients with AS from the four tertiary grade A hospitals were included in this study. Such limited patient selection may limit the generalizability of our results for patients with AS in some other smaller community hospitals. Second, this study focused on the association of serum ALP levels within 24 h of admission and the 3-month outcome, so the potential influence of changes in ALP levels after discharge was not analyzed. Third, cerebrovascular and neuroimaging data were unavailable in this study, leading to a lack of image-associated risk factors. Fourth, the type of ALP being related to stroke outcomes could not be assessed because the data regarding ALP isozymes was incomplete in this study (16, 37). Further large-scale cohort studies in other populations and districts are needed to confirm the generalizability of our findings.



CONCLUSION

In this multi-center, prospective cohort study, non-linear associations were observed between serum ALP levels and 3-month outcomes in patients with AS. Elevated serum ALP levels were associated with an increased risk of all-cause mortality and might be used as a qualified predictor of all-cause mortality in patients with AS within 3 months. The optimal range of ALP for reducing all-cause mortality was Q2 (63.0–76.7 U/L) with a nadir level of 70 U/L and, for reducing the risk of recurrent stroke, the optimal range of ALP was seen in Q3 (76.8–92.9 U/L). The results of our study suggest that the risk of 3-month all-cause mortality and recurrent stroke might be reduced by controlling ALP at preferable ranges in Xi'an district.
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Supplementary Figure I. Poor functional outcomes in different stroke subtypes at 3-month. AIS, acute ischemic stroke. TIA, transient ischemic attack; ICH, spontaneous intracerebral hemorrhage; SAH, subarachnoid hemorrhage.

Supplementary Figure II. Stratified logistic regression analysis of serum ALP levels and 3-month outcomes. (A) All-cause mortality. (B) Recurrent stroke. (C) Poor functional outcome.

Supplementary Figure III. Kaplan-Meier curves of 3-month outcomes among different stroke types. (A) All-cause mortality. (B) Recurrent stroke.
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