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Background: Post-stroke dementia may affect up to one-third of stroke survivors. Acupuncture as a complementary treatment for stroke has been shown to be beneficial for subsequent post-stroke rehabilitation. The purpose of this retrospective cohort study was to investigate the potential effect of acupuncture to protect stroke patients from dementia.

Methods: We included 9,547 patients receiving ambulatory or hospital care for stroke and 9.547 non-stroke patients; patients were matched for sex, age, and Charlson Comorbidity Index. Each individual was traced for the subsequent development of dementia. Two thousand four hundred and forty-nine stroke patients received acupuncture treatment and 7,098 residue stroke patients without acupuncture treatment served as control groups. This is a 3-year follow-up cohorts study: the incidence and adjusted hazard ratios (HRs) with 95% confidence intervals (CIs) of post- stroke dementia in the Cox proportional hazard regression.

Results: During the 3-year follow-up, 1,403 patients with stroke (14.70%) and 427 patients without stroke (4.47%) developed dementia. The adjusted HRs of development of dementia among stroke patients were 3.64-times (range, 3.27–4.06), and the incidence of dementia was higher in male. Stroke patients receiving acupuncture treatment had a lower probability of dementia than those without acupuncture during the follow-up period, the adjusted HRs was 0.49 (95% CI, 0.42–0.58; p < 0.001).

Conclusions: The association between stroke and dementia existed in both sexes, more prominent in male. Patients with stroke receiving acupuncture treatments showed decreased risk of dementia. Care must be taken evaluating these results because this study was limited to lack of information regarding lifestyles, stroke severities, and acupuncture methods that were used in treatments.
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BACKGROUND

Stroke has been recognized as one of the major causes of adult disability worldwide. Survivors of stroke are at increased risk of developing cognitive impairment due to acute tissue damage. Assuredly, one-third of these survivors are found to have a significant degree of cognitive impairment within the first month after the event (1–3). The lifetime risk of developing either stroke or dementia by age of 65 is one in three in men and one in two in women (4). Post-stroke condition constitutes a well-defined reason of dementia first recognized by Sir Thomas Willis in 1672 under the name post-apoplectic dementia (2). This is an etiological classification of dementia characterized by cognitive impairment as a result of ischemic or haemorrhagic stroke. Hypoperfusion and thromboembolism events lead to decreased cerebral blood flow, hypoxia, and oxidative stress and trigger inflammatory responses, subsequently damaging the area of brain important for memory, cognition, and behavior (5). Although functional recovery develops over the course of 26 weeks after a stroke, and physical impairments tend to improve to a greater or lesser degree, the survivors are often left with disabilities and worsening cognitive impairments (6, 7).

Currently there is no definitive and effective treatment for post-stroke dementia. Treatments with antioxidants, anti-inflammatory agents or agents increasing cerebral perfusion have not provided satisfactory results (8). Numerous clinical studies and systemic reviews support the therapeutic effects of acupuncture in vascular dementia (VD) and post-stroke rehabilitation (9–11). However, these therapeutic effects remain unclear because of poor methodology and small sample sizes (12, 13). Acupuncture, with many categories such as manual acupuncture, electroacupuncture, laser acupuncture, and acupoint injection, serves as a form of alternative treatment and an essential component of traditional Chinese medicine which can be traced back 3,000 years (9). It is a relatively safe procedure with few adverse effects. The mechanisms of acupuncture on VD are still uncertain; however, animal-based studies demonstrate the possibility of reducing oxidative stress, attenuating neuronal apoptosis, relieving neuroinflammation, regulating glucose metabolism, modulating neurotransmitters, and improving synaptic plasticity and blood vessel function (14). Acupuncture has become universally accepted. The 2007 US National Health Interview Survey found 3.1 million adults and 150,000 children had received acupuncture in the previous year, and acupuncture use increased overall between 2002–2007 (15, 16).

It is unknown if acupuncture is an adequate therapeutic method to reduce post-stroke dementia. Using the Taiwan National Health Insurance Research Database(NHIRD), we conducted a retrospective, nationwide population-based cohort study to investigate the possibility of acupuncture use in reducing incidence of post-stroke dementia.



METHODS


Database

The study was approved by the E-Da hospital Ethics Review Committee, Taiwan (EDA-JIRB-2014012). We conducted a retrospective, population-based cohort study of patients who are registered in the Longitudinal Health Insurance Database (LHID2000). 98.4% of the population in Taiwan (~22.96 million) has been enrolled in Taiwan's NHIRD, which comprises healthcare data from the medical records of all beneficiaries (18, 19). The LHID2000 is composed of 1 million insured subjects randomly selected from the NHIRD without bias to age and gender. The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic and procedure codes (established according to the World Health Organization criteria) are included in the diagnostic data (17). Details of the generation, monitoring, and maintenance related to the database are published online by the Taiwan's National Health Research Institutes (http://nhird.nhri.org.tw/) (18, 19).



Study Sample

Patients with a diagnosis of stroke (ICD-9-CM code 430-437), receiving treatment in the hospital between January 1st, 2002 and December 31st, 2004 were enrolled in this study (18). A flow chart of this study is shown in Figure 1. We excluded patients aged younger than 40 to restrict the study to the assessment of the most common etiology of stroke. In order to confirm that all patients with stroke enrolled in this study were incident cases, only new-onset stroke patients were included. Patients with the diagnosis of stroke or dementia before 2001 were excluded. Patients with stroke without acupuncture treatment were selected by a matched pair procedure with propensity score (exposure vs. non-exposure ratio = 1:1) by age, gender, and Charlson Comorbidity Index. Furthermore, patients who had the following conditions prior to the initial use of health care facilities were identified and excluded from this study: ICD-9-CM code 290.0 (senile dementia, uncomplicated); 290.1 (presenile dementia); 290.2 (senile dementia with delusional or depressive features); 290.3 (senile dementia with delirium); 290.4 (arteriosclerotic dementia); 294.1 (dementia in conditions classified elsewhere); 331.0 (Alzheimer's disease, AD); 331.1 (Pick disease); and 331.2 (senile degeneration of the brain). A total of 9,547 subjects who had strokes from 2002 to 2004 were matriculated in this study.


[image: Figure 1]
FIGURE 1. Flow chart of the study population.


A comparison group was randomly extracted from the records of the remaining patients in the database with identical exclusion criteria. Then the controls were matched 1: 1 for sex, age, and Charlson Comorbidity Index score.



Main Outcome Measures

Each patient was individually tracked for 3 years from their index use of the healthcare facilities to identify those who subsequently suffered incident dementia [International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes: 290.0, 290.1, 290.2, 290.3, 290.4, 294.1, 331.0, 331.1, and 331.2] We included only cases that consisted of at least 3 NHI ambulatory-claim records, or 1 inpatient record, in order to increase the validity of dementia diagnosis. Then, acupuncture (procedure code: B41, B42, B45, B46, P27041, P33031) data at least 3 NHI ambulatory-claim records was collected to determine whether it is an effective treatment in reducing the incidence of post-stroke dementia. Some patients receive combination therapy with acupuncture and Chinese herbs were enrolled in our study. We also categorized the data for these dementia subtypes; AD (ICD-9-CM code 331.0), VD (ICD-9-CM code 290.4), and unspecified dementia (ICD-9-CM codes 290.0–290.4, 294.1, and 331.1–331.2).



Statistical Analysis

Cases and controls were followed from the initial hospitalization date until December 31st in 2007. Pearson's chi-square-test was administered to compare the baseline characteristics of the stroke cases receiving acupuncture and non-stroke controls from the NHIRD. Selected comorbidities were included if they occurred in either an inpatient setting or 3 or more ambulatory care claims that had been recorded 1 year before the initial ambulatory care visit. Multivariate Cox proportional hazard regression model was conducted to evaluate the hazard ratios (HRs) with 95% confidence intervals (CIs) for risk of dementia in patients receiving acupuncture after occurrence of stroke. Age, gender, and selected comorbidities were adjusted. Apart from the abovementioned comorbidities, we also adjusted for acupuncture in the regression modeling. A p-value < 0.05 was defined as statistical significance in this study. The 5-years disease-free survival rate was evaluated with the Kaplan-Meier log rank test to examine differences between cohorts. A statistical analysis software system (SAS, System for Windows, version 9.2, SAS Institute, Inc., Cary, NC, USA) was used to perform the statistical analyses.




RESULTS

Overall, 19,094 patients were included in the stroke and non-stroke cohorts, respectively. There were no significant differences in age or gender between these groups. Geographic characteristics, comorbidities and medication usage of the patients with stroke and comparison patients are shown in Table 1. The proportion of men was higher than that of women in both cohorts (53.48 vs. 46.52%). The mean age of the patients was 65.90 ± 11.66 years. After matching for age, gender, and Charlson Comorbidity Index score. the comorbidities of diabetes, hypertension, coronary heart disease, heart failure, atrial fibrillation, peripheral vascular disease, respiratory system, peptic ulcer disease, chronic liver disease, chronic kidney disease, rheumatologic disease, and cancer were more prevalent in the stroke cohort, compared with the non-stroke cohort. Use of medications in this study, such as antihypertensive agents, and lipid-lowering agents revealed no statistically significant between two cohorts.


Table 1. Geographic characteristics and comorbidities of the patients with stroke and comparison patients.
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The crude and adjusted HRs of dementia among patients and controls in each gender group during a 3-year follow-up period from initial treatment are shown in Table 2. Compared to the patients in the control cohort, patients with stroke had significantly higher incidence of dementia (14.70 vs. 4.47%). The values of stroke patients were higher than corresponding values in the non-stroke cohort; 3.64 (95% CI, 3.27–4.06; p < 0.001) experienced dementia within the follow-up period according to Cox proportional hazard regressions (stratified by gender, age group, and the year of initial health care). We further analyzed the HRs according to gender after adjusting the data for the presence of comorbidities. The HRs acquired within the male group and female group were 4.12 (95% CI 3.51–4.80, p < 0.001) and 3.24 (95% CI 2.779–3.77, p < 0.001), respectively. Figure 2 indicates the disease-free survival curves determined using the Kaplan–Meier log rank analysis.


Table 2. Crude and adjusted HRs of dementia among patients and controls in each gender group during a 3-year follow-up period from initial treatment.
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FIGURE 2. Indicates the disease-free survival curves determined using the Kaplan–Meier log rank analysis.


Table 3 shows the relative risk of developing distinct types of dementia after acupuncture treatment in the stroke patient group. The analysis consistently demonstrates that, compared to stroke patients without acupuncture, the study patients were less likely to sustain several subtypes of dementia during the 3-year follow-up period after their initial assessment. Notably, the adjusted HRs for other dementia in patients with acupuncture was 0.48 (95% CI, 0.40–0.58; p < 0.001). Figures 3, 4 disclose the disease-free survival curves of the patients with stroke and comparison cohorts who did and did not undergo acupuncture using the Kaplan–Meier method.


Table 3. Relative risk of developing distinct types of dementia after acupuncture treatment in the stroke patient group.
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FIGURE 3. Kaplan-Meier curve of the estimated dementia-free proportions of patients with stroke who received and did not receive acupuncture treatment.



[image: Figure 4]
FIGURE 4. Kaplan-Meier curve of the estimated dementia-free proportions of non-stroke patients who received and did not receive acupuncture treatment.


The crude and adjusted HRs of dementia among patients with stroke and those who have received acupuncture in this study are shown in Table 4. Adjusted HR of dementia for patients with stroke was 4.73 (95% CI 3.34–4.15, p < 0.001), and surprisingly, the result reveals that patients who received acupuncture, whether they have a history of stroke or not, are at lower risk of developing dementia during the 3-year follow-up.


Table 4. Crude and adjusted HRs of dementia among patients with stroke and those who have received acupuncture.

[image: Table 4]



DISCUSSION

The consequence of this retrospective, nationwide, population-based cohort study illustrates significant associations between post-stroke dementia and application of acupuncture. The best methods to prevent post-stroke dementia are to impede recurrence of stroke and reduce the severity of stroke-related impairment through the most favorable acute treatment and intensive secondary prevention (20–22). Secondary prevention consists of medical interventions and lifestyle modification. To date, advanced treatment for vascular risk factors and vascular disease may prevent post-stroke dementia. An observational study unveiled reduced cognitive impairment in patients with appropriate post-stroke vascular risk management, including antiplatelet therapy, antihypertensive drugs and statins, or anticoagulants, as indicated (21). Furthermore, cognitive function can benefit from therapy for neuropsychiatric symptoms like depression, apathy, and anxiety, as well as cognitive training/stimulation (22). According to our results, we suggest that early intervention with acupuncture could also decrease the risk of post-stroke dementia.

Acupuncture as a traditional Chinese healing technique treats disorders by inserting needles into specific acupoints, and it is generally considered safe when performed correctly. The use of acupuncture treatment for 43 diseases has been recommended by the World Health Organization (23), and as a non-pharmacological intervention, it is considered to be an alternative treatment for dementia (10–14). In a recent animal study, improvement in cognition and hippocampal synaptic plasticity induced by acupuncture was achieved via activation of dopamine D1/D5 receptors (24).

After adjusting for geographic characteristics, region of residence, and selected comorbidities, medication usage, the proportion of men with diagnosis of stroke was a bit higher than that of women in both cohorts (53.48 vs. 46.52%) during this 3-year follow-up. The selected comorbidities were more prevalent in the stroke cohorts compared with the non-stroke cohorts. Use of medications revealed no statistically significant between two cohorts. The mean age of the patients in the cohorts was 65.90 ± 11.66 years. In another study, older age, residents in southern and eastern regions, patients with low insurance range, and antiplatelet use were prominent risk factors of post-stroke dementia in Taiwan (25).

We demonstrated that patients with stroke had significantly higher incidence of dementia rates within a 3-year follow-up, and the incidence of dementia in male patients with stroke was higher than that of female patients with stroke. A pooled analysis of international data classified important contributors and risk factors to post-stroke dementia, and age over 65 and female gender are the mentioned risk factors (26, 27). The mean age in our study and the result that stroke patients had higher incidence of dementia match with this analysis, however the effect of gender did not. Although there was no statistical significance, the proportion of male patients with diagnosis of stroke in our study was higher. Li et al. claimed that patients with stroke were at significantly more risk of dementia during the 5- and 10-year follow-up periods in Taiwan (25). Post-stroke dementia is often recognized in the first weeks to months post-ictus, and thereafter, prevalence of post-stroke dementia increases with time (28). Ethnic differences and a longer follow-up period should be considered.

The relationship between stroke and neurodegenerative diseases, such as AD and VD, has been established (1–5). VD is the second most common cause of cognitive decline, with only AD been more prevalent (29). Stroke patients with prior atherosclerotic cardiovascular disease are more likely to suffer from subsequent dementia (30). Risk of dementia is probably related to individual clinical characteristics, it could also depend on the acute lesion (e.g., severity, location, sub-type), pre-existing burden of lesion, vascular risk factors, and other determinants of susceptibility, such as different level of education, white matter disease, and previous cognitive function. Variation in dementia risk was substantial, the 5-year cumulative incidence ranged from 0% after transient ischemic attack in patients aged younger than 65 years to more than 80% in those aged 75 years or older with the diagnosis of major recurrent stroke. This highlighted the essential of individualized prognostication (31). Multicellular interactions within the neurovascular unit, including damage to the blood-brain barrier, neuronal cell death or degeneration, glial reaction, and immune cell infiltration contribute to the etiology (32). Our results indicated stroke patients with subsequent acupuncture treatment were less likely to develop several subtypes of dementia during the 3-year follow-up. Notably, the adjusted HR for unspecified dementia in patients with acupuncture was 0.48 (95% CI, 0.40–0.58; p < 0.001). Pathological mechanisms of AD are poorly understood, and ~70% of the risk is believed to be inherited, with many genes being involved (33). VD can also result from other conditions besides stroke that damage blood vessels and reduce circulation. This may explain why these most common etiologies of dementia did not show statistical significance in our study, although there was a trend toward affirmative efficacy.

There is no obvious evidence to support any specific mechanism that contributes to the effect of acupuncture in decreasing the incidence of post-stroke dementia. Researchers have discovered that this therapy may reduce oxidative stress, attenuate neuronal apoptosis, relieve neuroinflammation, regulate glucose metabolism, modulate neurotransmitters, and improve synaptic plasticity and blood vessel function (14). Interestingly, we discovered evidence that revealed that those patients who received acupuncture were at a lower risk of developing dementia regardless of whether they had the diagnosis of stroke or not. Patients who choose acupuncture as a complementary treatment may place more emphasis on personal health maintenance with regard to better knowledge and attitudes for disease prevention. These factors could also contribute to reduce the incidence of dementia.

A retrospective, nationwide cohort was employed in our study, which provided a large sample size and more evidence compared to case-control or cross-sectional study designs. Problems like insufficient power and the effect of selection biases were minimized. However, our study had several limitations. First, the insurance claims data we collected lacked information regarding clinical risk scores (such as the National Institutes of Health Stroke Scale or the Barthel Index), characteristics of the lesion, its location, size, laboratory examination results, and factors of patients' lifestyle such as cigarette smoking, alcohol consumption, and physical activity. Second, this study could not validate the actual acupoints used in the treatment of the stroke patients, as limited information is provided by the National Health Insurance Research Database. The acupoints chosen by traditional Chinese medicine physicians for stroke patients vary, and the beneficial effects are somewhat different (34). Further studies need to be carried out to identify the protective effects against dementia from individual acupoints. Third, it is well-known that smoking, and body mass index are very important risk factors for dementia. This study lacks information regarding the early recognition those risk factors (35, 36). Finally, residual confounding data is always present, even though we had utilized multivariate regression adjustments for several potential confounding factors in our analysis.



CONCLUSIONS

From the results of this nationwide retrospective cohort study, stroke patients with subsequent acupuncture treatment have a significantly lower risk of post-stroke dementia after adjustments for selective confounding factors. The beneficial effect of acupuncture was investigated in our study, yet still very little is known regarding the mechanisms of acupuncture. Care must be taken in extrapolating from our results, and further investigations that overcome the limitations of this study are essential to ascertain the mechanisms for such effects and provide more evidence of the association.
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