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As an intermediate state between normal aging and dementia, mild cognitive impairment (MCI), especially amnestic MCI (aMCI), is a key stage in the prevention and intervention of Alzheimer’s disease (AD). Whether dancing could increase the hippocampal volume of seniors with aMCI remains debatable. The aim of this study was to investigate the influence of aerobic dance on hippocampal volume and cognition after 3 months of aerobic dance in older adults with aMCI. In this randomized controlled trial, 68 elderly people with aMCI were randomized to either the aerobic dance group or the control group using a 1:1 allocation ratio. Ultimately, 62 of 68 participants completed this study, and the MRI data of 54 participants were included. A specially designed aerobic dance routine was performed by the dance group three times per week for 3 months, and all participants received monthly healthcare education after inclusion. MRI with a 3.0T MRI scanner and cognitive assessments were performed before and after intervention. High-resolution three-dimensional (3D) T1-weighted anatomical images were acquired for the analysis of hippocampal volume. A total of 35 participants (mean age: 71.51 ± 6.62 years) were randomized into the aerobic dance group and 33 participants (mean age: 69.82 ± 7.74 years) into the control group. A multiple linear regression model was used to detect the association between intervention and the difference of hippocampal volumes as well as the change of cognitive scores at baseline and after 3 months. The intervention group showed greater right hippocampal volume (β [95% CI]: 0.379 [0.117, 0.488], p = 0.002) and total hippocampal volume (β [95% CI]: 0.344 [0.082, 0.446], p = 0.005) compared to the control group. No significant association of age or gender was found with unilateral or global hippocampal volume. There was a correlation between episodic memory and intervention, as the intervention group showed a higher Wechsler Memory Scale-Revised Logical Memory (WMS-RLM) score (β [95% CI]: 0.326 [1.005, 6.773], p = 0.009). Furthermore, an increase in age may cause a decrease in the Mini-Mental State Examination (MMSE) score (β [95% CI]: −0.366 [−0.151, −0.034], p = 0.002). In conclusion, 3 months of aerobic dance could increase the right and total hippocampal volumes and improve episodic memory in elderly persons with aMCI.

Clinical Trial Registration: This study was registered on the Chinese Clinical Trial Registry [www.chictr.org.cn], identifier [ChiCTR-INR-15007420].
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INTRODUCTION

Mild cognitive impairment (MCI) refers to the transitional stage between normal aging and probable Alzheimer’s disease (AD). In this stage, a person has impaired cognitive function unlike normal age-related cognitive decline, but it is not severe enough to cause significant impairment in the activities of daily life (Petersen et al., 1997). Those with amnestic MCI (aMCI), a subtype of MCI, are 4–10 times more likely to progress to AD than healthy elderly people (Petersen et al., 2001; Bischkopf et al., 2002; Grundman et al., 2004). The early diagnosis of and intervention in aMCI are key to prevent AD.

So far, there is no strong evidence of pharmaceutical treatment reversing the progression of AD (Wang et al., 2016; Fink et al., 2018). However, the role of non-pharmaceutical therapy in MCI prevention and treatment has been recognized, which includes change in lifestyle, the Mediterranean diet (Radd-Vagenas et al., 2018), risk factor control (Ganguli et al., 2013; Sanford, 2017), cognitive training (Hampstead et al., 2012), psychological intervention, and exercise therapy (Verdelho et al., 2013; Hsu et al., 2018; Zhu et al., 2020). Furthermore, motor cognitive training, which incorporates physical and cognitive tasks, is reported to be a more promising approach compared to independent physical or cognitive tasks (Herold et al., 2018). Dancing is a special type of motor cognitive training that combines physical activity with motor learning, attention, music, and rhythm–motor integration (Rektorova et al., 2020). Our recent meta-analysis concluded that dancing could improve cognition in elderly people with MCI (Zhu et al., 2020). Dance intervention has been reported to lead to intervention-specific complex brain plasticity related to cognitive performance (Balazova et al., 2021), so it is a promising candidate for counteracting the age-related decline in physical and mental abilities (Rehfeld et al., 2017). Meanwhile, hippocampal atrophy/shape change is believed to be a typical MRI marker in AD and aMCI (Shi et al., 2009; Frisoni et al., 2010), and hippocampal volume is a strong predictor of memory decline in MCI (Mak et al., 2017). In addition, a pair of studies showed that aerobic exercise could increase hippocampal volume in younger adults (Frodl et al., 2020) and people with MCI (ten Brinke et al., 2015), while another study revealed that dance-related cognitive improvement was not dependent on hippocampal atrophy in mixed seniors with normal cognition and MCI (Kropacova et al., 2019). Whether dancing could increase the hippocampal volume in patients with aMCI remains debatable, so we aimed to explore the change in hippocampal volume in patients with aMCI after aerobic dance intervention with a single-blinded, randomized controlled trial.



METHODS


Study Design

This study is a single-blinded, randomized controlled trial to investigate the effects of aerobic dance and a health education program in older adults with aMCI. The Ethics Committee of the First Affiliated Hospital of Nanjing Medical University approved this study in January 2013 (2012-SR-098). All participants signed written informed consent forms.



Sample Size Calculation

Changes in hippocampal volume on the right side after 3 months of intervention were considered the primary outcome for sample size calculation. To detect a moderate effect size of 0.75 standard deviation (SD), a minimum sample size of 56 (28 per group) was required to achieve 80% statistical power at the significance level of 0.05 (two-sided). The sample size was calculated using PASS version 16. Considering 20% potential loss to follow-up, a total of 68 participants were recruited for this trial.



Patients

All participants were recruited from the memory clinic of the First Affiliated Hospital of Nanjing Medical University in the period from June 2014 to December 2016. The trial was approved by the Ethics Committee of the First Affiliated Hospital of Nanjing Medical University (Jiangsu Province Hospital, China). The neurologist of the memory clinic screened the patients with memory complaints. If a patient met the inclusion criteria, he/she was recruited into this study.

Inclusion criteria include those who (1) aged between 50 and 85 years (both inclusive); (2) met the diagnostic criteria of aMCI according to the National Institute of Aging and Alzheimer’s Association (NIA-AA) guidelines (Jack et al., 2018); (3) had experienced memory loss for at least 3 months; (4) had Mini-Mental State Examination (MMSE) score ≥ 25 and Montreal Cognitive Assessment (MoCA) score ≤ 26; (5) had Hachinski Ischemic Score (HIS) ≤ 4; (6) had above primary school education; and (7) provided written informed consent.

Exclusion criteria include those who (1) were diagnosed with vascular dementia based on the National Institute of Neurological Disorders and Stroke and the Association Internationale pour la Recherché et l’Enseignement; (2) had HIS > 4; (3) were unable to take the cognitive assessments and MRI tests due to disorders, such as deafness, blindness, or severe language disorders; (4) had drug intake in the past 6 months, which could influence cognitive performance; (5) had psychiatric problems, including severe depression or anxiety; (6) had medical contraindication of exercise, such as unstable conditions (e.g., cerebrovascular disease, liver and kidney disease, falling sickness, or disease of internal secretion); (7) had functional limitations caused by orthopedic diseases (e.g., fracture, osteoarthritis, or joint replacement); and (8) had long-term habit of dancing.



Randomization

Participants were randomized in a 1:1 ratio and assigned to either the intervention group (e.g., aerobic dance and health education) or the control group (e.g., health education program only) based on a computer-generated randomized sequence by an independent statistician. Thereafter, a clinician who was not involved in the enrollment or outcome measures opened the sequentially numbered, sealed envelopes that had the details of the participants and their allocation to the respective groups.



Interventions


The Intervention Group (Aerobic Dance Group)

The intervention group participated in a moderate-intensity group aerobic dance program for 3 months. The dance routine,1 which was designed by an experienced physical therapist (PT), lasted for approximately 35 min, and was performed three times per week. The dance routine included a 5-min warm-up, a 25-min dance with a target heart rate, and a 5-min cool-down period. The intensity of dancing was set to 60–80% of the maximum heart rate to ensure the safety of participants. Two PTs with more than 5 years of experience in exercise intervention administered the dance routine. One PT led the group dance, and the other one was responsible for monitoring heart rate and dancing performance. During the training, cardiotachometers (ONrhythm 50, GEONATURE) were used to monitor the heart rate of each participant. Each training session consisted of 11–16 participants, and during the first 2 weeks, the PT demonstrated a sequence of dancing steps and taught the participants how to combine the steps and follow the music. This dance routine was composed of seven subsessions, namely, knee bending, heel up, boxing, shoulder movement, kicking, square-stepping, and sculling exercises. All the participants had to highly focus during the training, memorize all the steps involved, and follow the movement sequence properly.

Both the intervention and control groups received a health education program (in the form of a 120-min-long lecture) after inclusion in this study. This education program covered information about risk factors of dementia, healthy diet, healthy lifestyle, and insomnia management. The participants were contacted by phone every week to remind them of the main points of the education program.



The Control Group

The control group received health education only.




Outcome Measurements

All the participants were assessed for the primary and secondary outcome measurements at baseline and after 3 months of intervention. The primary outcome measure was the unilateral hippocampal volume, and the secondary outcomes were clinical assessments.



MRI Acquisition and Analysis

The MRI scanning was performed on a 3.0T MRI System (Siemens AG, Erlangen, Germany) using a standard birdcage head transmit and receive coil at baseline and after 3 months of intervention. High-resolution three-dimensional (3D) T1-weighted anatomical images were acquired in the sagittal plan using a magnetization-prepared rapid gradient-echo sequence [repetition time (TR) = 1,900 ms; echo time (TE) = 2.52 ms; flip angle (FA) = 90°; field of view (FOV) = 256 mm × 256 mm; matrix size = 256 × 256; slice thickness = 1 mm; inter-slice gap = 0.5 mm; voxel size = 1 mm3; 176 slices]. After that, axial fluid-attenuated inversion recovery images were obtained for diagnosis, namely, inversion time (TI) = 2,500 ms; TR = 9,000 ms; TE = 100 ms; and slice thickness = 5 mm.

All MRI images were collected by a single imaging technologist and evaluated by an experienced radiologist to exclude patients with obvious brain lesions, such as cerebral infarction, moderate to severe white matter lesions assessed by the Fazekas scale (grades from 0 to 6), brain tumor, and other brain damage.



Hippocampal Volume Calculation

T1-weighted structural images were analyzed for the measurement of hippocampal volume. The key to measuring hippocampal volume is to accurately demarcate by taking an oblique coronal section perpendicular to the long axis of the hippocampus and from the head to the tail of the hippocampus as the main measurement section (Cendes et al., 1993; Pruessner, 2000; Pruessner et al., 2001). We used two methods to measure hippocampal volume. The first method was manual measurement. Manual segmentations of unilateral hippocampal volume were obtained using the European Alzheimer’s Disease Consortium (EADC) – Alzheimer’s Disease Neuroimaging Initiative (ADNI) Harmonized Protocol (HarP; Frisoni et al., 2015). The measurements mainly followed the harp manual, and the human brain atlas was referred to if necessary determine the correct anatomical recognition. First, we identified the boundaries of the hippocampus through the sagittal and coronal plane and drew an outline of the structure of the hippocampus. Second, we calculated the area of each layer, multiplied the area of the hippocampus by the thickness of each layer, and summed the results to get the whole volume of the hippocampus. Then, we calculated the intracranial volume (ICV) and obtained standardization through the division of the hippocampal volume by the total brain volume (Free et al., 1995). The second method used the ITK-SNAP program to calculate the volume, which provided semi-automatic segmentation and manual delineation to analyze medical images and obtain their 3D models. We identified and labeled the borders of the left and right hippocampus separately for each image, and then we calculated the volume using some ITK-SNAP software tools (Yushkevich and Gerig, 2017).

One experienced investigator, who was blinded to the groups, measured the hippocampal volumes of both sides at baseline and after 3 months of dance intervention of all participants in random order using the two methods described.



Clinical Assessments

Global cognition was assessed using MMSE and MoCA (Luis et al., 2009; Yu et al., 2012). Cognitive domains were assessed by various tests, including episodic memory [Wechsler Memory Scale-Revised Logical Memory (WMS-RLM); Wang et al., 2015], executive function [Trail Making Test Part A&B (TMT A&B); Perrochon and Kemoun, 2014], the Symbol Digit Modalities Test (SDMT; Cherbuin et al., 2010), and the Forward and Backward Digit Span Task (DST) Chinese version (Laures-Gore et al., 2011). Abilities of daily living were measured by the Functional Activities Questionnaire (FAQ), quality of life was measured by the 36-Item Short-Form Health Survey (SF-36; Lam et al., 1998; Hsiao et al., 2015), and depression was assessed using the Geriatric Depression Scale (GDS-15; de Paula et al., 2016). All these assessments were completed at baseline and after 3 months of dance intervention. The cognitive assessments were completed by an experienced speech therapist, and all other measurements were taken by an experienced physiatrist. Both of them were blinded to the randomization.



Statistical Analysis

All data were analyzed using SPSS software version 25.0 (SPSS Inc., Chicago, IL, United States). The distribution of all variables was inspected using descriptive statistics. An independent sample t-test was applied to assess differences in age and weight between the intervention group and the control group. A chi-square test was used to assess differences in the distribution of HIS and the prevalence of hypertension. Meanwhile, a non-parametric test was used to assess differences in the distributions of gender and height between the two groups due to their abnormal distributions. Then, multivariable linear regression analysis was applied to detect the effect of intervention on the difference of hippocampal volumes and cognitive scores. In the linear regression model, we included age and gender in addition to the group as the independent variables. The results were reported as regression coefficient β, 95% confidence interval (CI), and associated p-value. All p-values were two-sided, and statistical significance was set at p = 0.05. In addition, the intraclass correlation coefficient (ICC; Shrout and Fleiss, 1979; Worker et al., 2018) was used to manually and semi-automatically compare hippocampal volume outputs at each time point.




RESULTS


Participants

Figure 1 shows the Consolidated Standards of Reporting Trials (CONSORT), highlighting the whole process from screening to the end of the study. We assessed 112 candidates who complained of loss of memory and other cognitive declines. Forty-four candidates were excluded according to the inclusion and exclusion criteria. Thus, 68 participants were included in this study and were randomly assigned to either the intervention group (n = 35) or the control group (n = 33). Descriptive statistics about randomized participants at baseline are summarized in Table 1.


[image: image]

FIGURE 1. The flow diagram of the research, showing the experimental process of this article which includes recruitment process, grouping process, and subsequent data analysis.



TABLE 1. Patient characteristics at baseline.
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Sixty-two of the 68 participants completed the 3-month dance intervention and follow-up assessment. A total of 36 dance sessions were carried out, with a mean attendance rate of 88.6%. During the trial, two participants in the control group dropped out because of a loss of interest. In addition, four participants in the intervention group dropped out for the following reasons: one participant was diagnosed with cancer and advised for surgery, one participant moved to another city and could not attend dance sessions, and the other two participants lost interest in the study. Fortunately, no adverse events were reported during the whole duration of this study.



Hippocampal Volume

Data of hippocampal volume we analyzed come from 29 participants in the intervention group and 25 participants in the control group at baseline and after intervention. Six participants refused to accept MRI scanning for personal affairs clashing. Eight participants were excluded from hippocampal volume calculation due to low-quality images caused by excessive head movement during MRI scanning. The right, left, and total hippocampal volumes are shown in Table 2. A linear regression model displayed the association between intervention and the difference of hippocampal volumes at baseline and after 3 months. The intervention group showed greater right hippocampal volume (β [95% CI]: 0.379 [0.117, 0.488], p = 0.002) and total hippocampal volume (β [95% CI]: 0.344 [0.082, 0.446], p = 0.005) compared to the control group. However, no significant association of age or gender was found in unilateral or global hippocampal volume.


TABLE 2. Linear regression model of hippocampal volumes and its potential confounders.
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In addition, there was minimal shrinkage of the left hippocampus in the intervention group, although there was no inter-group difference (p = 0.46, 95% CI: −0.06, 0.13).

All calculated ICC scores were greater than 0.75 of hippocampal volume measured by the semi-automated and manual segmentation methods at each time point, and the results of the semi-automated and manual segmentation methods were significantly correlated. The reason we used manually measured hippocampal volume for analysis despite it being time-consuming and laborious is that it is recognized as the gold standard for measuring hippocampal volume (Frisoni et al., 2010; Dill et al., 2015).



Cognition and Other Outcome Measurements

We used the linear regression model to examine the association between intervention and the change of cognitive scores, adjusting by age and gender (Table 3). There was a correlation between the intervention and episodic memory, as the intervention group showed high scores in WMS-RLM (β [95% CI]: 0.326 [1.005, 6.773], p = 0.009). Furthermore, an increase in age was associated with a decrease in MMSE score (β [95% CI]: −0.366 [−0.151, −0.034], p = 0.002). Other outcomes, including FAQ, SF-36, and GDS, are also summarized in Table 3. We established linear regression models using grouping, age, and gender, and found no associations of intervention with functional activities, quality of life, or depression. In addition, no association was found between age and other outcomes except MMSE.


TABLE 3. Linear regression of clinical assessments and its potential confounders.
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DISCUSSION


Aerobic Dance and Hippocampal Volume

This randomized clinical trial contributes new findings on the effects of aerobic dance on hippocampal volume and cognition in older adults with aMCI. The key finding was that aerobic dance increased right hippocampal volume and improved cognitive function in participants with aMCI.

Right hippocampal volume was increased by 11.2%, and total hippocampus volume was increased by 4.5%, which is corroborated by previous studies reporting volume increase in bilateral hippocampus among the elderly (ten Brinke et al., 2015; Teixeira et al., 2018). Another study of patients with multiple sclerosis revealed that hippocampal volume was preserved in the intervention condition of walking training, compared with hippocampal atrophy in the control condition (Sandroff et al., 2021). In our study, among patients with aMCI, we found a decrease in the volume of the left hippocampus by 2.61% in the intervention group and 5.88% in the control group.

There are two possible reasons for the increase in the right hippocampal volume. First, and most importantly, we used a different exercise protocol compared with other studies, which could possibly lead to more significant effects on the hippocampus. In our study, the aerobic dance consisted of physical movements that require abundant spatial stimulation, leading to an increased activation of the hippocampus, which appears to be involved in memory consolidation during locomotion (Burgess et al., 2002). The hippocampal and entorhinal networks are activated, and the place cells in the hippocampus fire in response to a unique, specific position in the environment (Foster, 2013). Therefore, dancing may provide a benefit by input stimulation following a simple exploration in motion of the surrounding environment. Second, the aerobic dance intervention we applied included a progress of repeated logical learning and review. A study on cognitively normal older adults pointed out that hippocampal volume was bilaterally related to landmark location learning and delayed memory (Sodoma et al., 2021). When we learn, the hippocampus, as an important part of the medial frontal lobe, is necessary for rapid consolidation and initial storage of episodic and semantic memory. The learning progress might increase the hippocampal volume, and the different performance of the bilateral hippocampus may be due to the different functions of the two parts. The right hippocampus is considered to be related to immediate and delayed recall (Yoo et al., 2019), visuospatial memory, as well as encoding spatial memory, whereas the left hippocampus is more involved in episodic verbal memory (Burgess et al., 2002; Ezzati et al., 2016; van Geest et al., 2018). This might mean that the aerobic dance we used requires a great deal of learning and memory processing of spatial information, which requires the involvement of the right hippocampus, leading to a significant increase in its volume.



Age and Hippocampal Volume

Many studies on the hippocampal body and parahippocampal cortex have shown consistent age-related volume decline (Kennedy and Raz, 2009; Henson et al., 2016; Gorbach et al., 2017). However, we did not observe a similar significant change in hippocampal volume with age, which may be due to the insufficient age span or small sample size of our participants. At the same time, in the process of searching the literature, we found that there are relatively few studies on hippocampal volume, including the higher end of the age span, which must be remedied in our future research to explore the effect of age on hippocampal volume.



Aerobic Dance and Cognition

A number of clinical trials have provided evidence that aerobic dance training can enhance cognition, including global cognition (Song et al., 2018), memory, and executive function in older adults with MCI (Nuzum et al., 2020). Similarly, our study demonstrated that 3 months of aerobic dance intervention could probably improve episodic memory in patients with aMCI, which is reflected in the higher scores of WLS-RLM. As our previous meta-analysis found, the aerobic dance could improve global cognitive function and memory performance of patients with aMCI (Zhu et al., 2020). This might be because the dance routine in our study involved a variety of movements in a specific order, so performing the routine required many cognitive efforts, such as initiation, orientation, and concentration, and particularly challenged episodic memory. Furthermore, as improvements in episodic memory and executive function were the key benefits to participants with aMCI in our study, aerobic dance might be a good intervention measure for patients with logical memory impairment in the future.



Age and Cognition

A recent study on elderly people of Chinese descent in Singapore found that increasing age is a risk factor for cognitive impairment (Liu et al., 2022). We obtained similar results. As shown in Table 3, the MMSE score decreased with age, but no significant association with age was found for the other neuropsychological tests. For the safety of the completion process of aerobic dance, we did not collect data from very elderly people (the average ages of the intervention group and the control group were 71.51 ± 6.62 and 69.82 ± 7.74, respectively). However, this meant that the cognitive function of the participants had not declined significantly, which was not ideal for our study. Our future research needs to explore the changes of cognitive function in a more complete age stratification.



Benefits of Aerobic Dance on Cognition and Its Possible Mechanism in the Elderly

Recently, different types of aerobic dance training have been used as interventions for elderly people in multiple studies. Many studies have confirmed that aerobic dance can improve cognitive function. Specially designed aerobic dances that combine physical exercise with cognitive tasks, similar to the one used in this study, merit further investigation in future studies (Murillo-Garcia et al., 2021). Several studies suggested that motor cognitive training has superior effects on cognition in older adults compared to single aerobic training or cognitive training alone (Rahe et al., 2015; Tait et al., 2017; Joubert and Chainay, 2018). The combination of aerobic exercise and cognitive effort in the dance program means that it can be classified as motor cognitive training, and it may improve cognition in the following ways. First, chronic aerobic exercise may improve cardiovascular fitness, which promotes long-term angiogenesis and cerebral circulation. This adaptation is related to increased delivery and upregulation of neurotrophins, supporting factors to the brain, particularly to the hippocampal neurogenic niche. Second, by combining aerobic exercise with cognitive training, motor cognitive training could provide long-term cognitive benefits and protection against age-related cognitive decline (Stimpson et al., 2018).



Limitations

Several limitations have been recognized in this study. First, the participants in this study were highly educated people (the average education years of the intervention group and control group were 10.49 ± 3.94 and 9.49 ± 4.14, respectively), which could cause a selection bias from the main population with aMCI. Second, one of the methods of hippocampal volume calculation in our study was manual, which is not as convenient as a newly designed measuring software (Ahdidan et al., 2015; Frisoni et al., 2015) with an automatic segmentation algorithm for hippocampal volume calculation. Therefore, for future studies, we strongly recommend using professional software to measure hippocampal volume based on the consensus standard of hippocampus segmentation and measuring the volume by referring to the standard database.




CONCLUSION

This study shows that 3 months of aerobic dance not only increases the volume of the hippocampus (right) but also improves cognitive function, especially episodic memory, in patients with aMCI. This means that aerobic dance has great potential for enhancing cognitive function by increasing hippocampus volume. However, further studies using functional MRI and positron emission tomography (PET) are needed to explore the mechanism of cognitive improvement by aerobic dance.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



ETHICS STATEMENT

The Ethics Committee of the First Affiliated Hospital of Nanjing Medical University approved the study in January 2013(2012-SR-098). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

YZ: funding application, study management and coordination, and initial manuscript draft. ToW: providing research ideas and manuscript revision. LinZ: hippocampal volume calculation and manuscript revision. YG and CG: patient screening and inclusion and manuscript draft. MQ: MRI scanning protocol design and manuscript revision. HW: ethical application, assessments of participants, and manuscript draft. JM and LT: study design, statistical analysis, and revision of the manuscript. QiaZ and CS: intervention for the participants and manuscript draft. HD: MRI scanning and manuscript revision. NA: data analysis and manuscript draft. QiuZ: cognitive assessments, data analysis, and manuscript revision. LiZ and QinZ: data collection of baseline characteristics and follow-up, and manuscript revision. TiW and WW: study design, inclusion and exclusion criteria, patient diagnosis, and manuscript revision. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by the National Natural Science Foundation of China (NSFC) [Grant Nos. 81802244, 81971237, and 81772454]; the Science and Technology Department of Jiangsu Province, China [Grant Nos. BE2013724 and BE2017734]; and the National Key R&D Program of China [Grant No. 2018YFC2001600].



ACKNOWLEDGMENTS

We thank Wang Shiyan and Zhang Kathryn Chu, who helped us designing the dance routine and dubbing the dance video.


FOOTNOTES

1
https://www.youtube.com/watch?v=WuIv1enhtL0


REFERENCES

Ahdidan, J., Raji, C. A., DeYoe, E. A., Mathis, J., Noe, K. Ø, Rimestad, J., et al. (2015). Quantitative Neuroimaging Software for Clinical Assessment of Hippocampal Volumes on MR Imaging. J. Alzheimers Dis. 49, 723–732. doi: 10.3233/JAD-150559

Balazova, Z., Marecek, R., Novakova, L., Nemcova-Elfmarkova, N., Kropacova, S., Brabenec, L., et al. (2021). Dance Intervention Impact on Brain Plasticity: a Randomized 6-Month fMRI Study in Non-expert Older Adults. Front. Aging Neurosci. 13:724064. doi: 10.3389/fnagi.2021.724064

Bischkopf, J., Busse, A., and Angermeyer, M. C. (2002). Mild cognitive impairment 1 - a review of prevalence, incidence and outcome according to current approaches: mild cognitive impairment - a review. Acta Psychiatr. Scand. 106, 403–414. doi: 10.1034/j.1600-0447.2002.01417.x

Burgess, N., Maguire, E. A., and O’Keefe, J. (2002). The Human Hippocampus and Spatial and Episodic Memory. Neuron 35, 625–641. doi: 10.1016/S0896-6273(02)00830-9

Cendes, F., Leproux, F., Melanson, D., Ethier, R., Evans, A., Peters, T., et al. (1993). MRI of Amygdala and Hippocampus in Temporal Lobe Epilepsy. J. Comput. Assist. Tomogr. 17, 206–210. doi: 10.1097/00004728-199303000-00008

Cherbuin, N., Sachdev, P., and Anstey, K. J. (2010). Neuropsychological Predictors of Transition From Healthy Cognitive Aging to Mild Cognitive Impairment: the PATH Through Life Study. Am. J. Geriatr. Psychiatry 18, 723–733. doi: 10.1097/JGP.0b013e3181cdecf1

de Paula, J. J., Bicalho, M. A., Ávila, R. T., Cintra, M. T. G., Diniz, B. S., Romano-Silva, M. A., et al. (2016). A Reanalysis of Cognitive-Functional Performance in Older Adults: investigating the Interaction Between Normal Aging, Mild Cognitive Impairment, Mild Alzheimer’s Disease Dementia, and Depression. Front. Psychol. 6:2061. doi: 10.3389/fpsyg.2015.02061

Dill, V., Franco, A. R., and Pinho, M. S. (2015). Automated Methods for Hippocampus Segmentation: the Evolution and a Review of the State of the Art. Neuroinformatics 13, 133–150. doi: 10.1007/s12021-014-9243-4

Ezzati, A., Katz, M. J., Zammit, A. R., Lipton, M. L., Zimmerman, M. E., Sliwinski, M. J., et al. (2016). Differential association of left and right hippocampal volumes with verbal episodic and spatial memory in older adults. Neuropsychologia 93, 380–385. doi: 10.1016/j.neuropsychologia.2016.08.016

Fink, H. A., Jutkowitz, E., McCarten, J. R., Hemmy, L. S., Butler, M., Davila, H., et al. (2018). Pharmacologic Interventions to Prevent Cognitive Decline, Mild Cognitive Impairment, and Clinical Alzheimer-Type Dementia: a Systematic Review. Ann. Intern. Med. 168:39. doi: 10.7326/M17-1529

Foster, P. P. (2013). How does dancing promote brain reconditioning in the elderly? Front. Aging Neurosci. 5:4. doi: 10.3389/fnagi.2013.00004

Free, S. L., Bergin, P. S., Fish, D. R., Cook, M. J., Shorvon, S. D., and Stevens, J. M. (1995). Methods for normalization of hippocampal volumes measured with MR. AJNR Am. J. Neuroradiol. 16, 637–643.

Frisoni, G. B., Fox, N. C., Jack, C. R., Scheltens, P., and Thompson, P. M. (2010). The clinical use of structural MRI in Alzheimer disease. Nat. Rev. Neurol. 6, 67–77. doi: 10.1038/nrneurol.2009.215

Frisoni, G. B., Jack, C. R., Bocchetta, M., Bauer, C., Frederiksen, K. S., Liu, Y., et al. (2015). The EADC-ADNI Harmonized Protocol for manual hippocampal segmentation on magnetic resonance: evidence of validity. Alzheimers Dement. 11, 111–125. doi: 10.1016/j.jalz.2014.05.1756

Frodl, T., Strehl, K., Carballedo, A., Tozzi, L., Doyle, M., Amico, F., et al. (2020). Aerobic exercise increases hippocampal subfield volumes in younger adults and prevents volume decline in the elderly. Brain Imaging Behav. 14, 1577–1587. doi: 10.1007/s11682-019-00088-6

Ganguli, M., Fu, B., Snitz, B. E., Hughes, T. F., and Chang, C.-C. H. (2013). Mild cognitive impairment: incidence and vascular risk factors in a population-based cohort. Neurology 80, 2112–2120. doi: 10.1212/WNL.0b013e318295d776

Gorbach, T., Pudas, S., Lundquist, A., Orädd, G., Josefsson, M., Salami, A., et al. (2017). Longitudinal association between hippocampus atrophy and episodic-memory decline. Neurobiol. Aging 51, 167–176. doi: 10.1016/j.neurobiolaging.2016.12.002

Grundman, M., Petersen, R. C., Ferris, S. H., Thomas, R. G., Aisen, P. S., Bennett, D. A., et al. (2004). Mild Cognitive Impairment Can Be Distinguished From Alzheimer Disease and Normal Aging for Clinical Trials. Arch. Neurol. 61:59. doi: 10.1001/archneur.61.1.59

Hampstead, B. M., Stringer, A. Y., Stilla, R. F., Giddens, M., and Sathian, K. (2012). Mnemonic strategy training partially restores hippocampal activity in patients with mild cognitive impairment. Hippocampus 22, 1652–1658. doi: 10.1002/hipo.22006

Henson, R. N., Campbell, K. L., Davis, S. W., Taylor, J. R., Emery, T., Erzinclioglu, S., et al. (2016). Multiple determinants of lifespan memory differences. Sci. Rep. 6:32527. doi: 10.1038/srep32527

Herold, F., Hamacher, D., Schega, L., and Müller, N. G. (2018). Thinking While Moving or Moving While Thinking – Concepts of Motor-Cognitive Training for Cognitive Performance Enhancement. Front. Aging Neurosci. 10:228. doi: 10.3389/fnagi.2018.00228

Hsiao, J. J., Lu, P. H., Grill, J. D., and Teng, E. (2015). Longitudinal Declines in Instrumental Activities of Daily Living in Stable and Progressive Mild Cognitive Impairment. Dement. Geriatr. Cogn. Disord. 39, 12–24. doi: 10.1159/000365587

Hsu, C. L., Best, J. R., Davis, J. C., Nagamatsu, L. S., Wang, S., Boyd, L. A., et al. (2018). Aerobic exercise promotes executive functions and impacts functional neural activity among older adults with vascular cognitive impairment. Br. J. Sports Med. 52, 184–191. doi: 10.1136/bjsports-2016-096846

Jack, C. R., Bennett, D. A., Blennow, K., Carrillo, M. C., Dunn, B., Haeberlein, S. B., et al. (2018). NIA-AA Research Framework: toward a biological definition of Alzheimer’s disease. Alzheimers Dement. 14, 535–562. doi: 10.1016/j.jalz.2018.02.018

Joubert, C., and Chainay, H. (2018). Aging brain: the effect of combined cognitive and physical training on cognition as compared to cognitive and physical training alone ??? a systematic review. Clin. Interv. Aging 13, 1267–1301. doi: 10.2147/CIA.S165399

Kennedy, K. M., and Raz, N. (2009). Aging white matter and cognition: differential effects of regional variations in diffusion properties on memory, executive functions, and speed. Neuropsychologia 47, 916–927. doi: 10.1016/j.neuropsychologia.2009.01.001

Kropacova, S., Mitterova, K., Klobusiakova, P., Brabenec, L., Anderkova, L., Nemcova-Elfmarkova, N., et al. (2019). Cognitive effects of dance-movement intervention in a mixed group of seniors are not dependent on hippocampal atrophy. J. Neural Transm. 126, 1455–1463. doi: 10.1007/s00702-019-02068-y

Lam, C. L. K., Gandek, B., Ren, X. S., and Chan, M. S. (1998). Tests of Scaling Assumptions and Construct Validity of the Chinese (HK) Version of the SF-36 Health Survey. J. Clin. Epidemiol. 51, 1139–1147. doi: 10.1016/S0895-4356(98)00105-X

Laures-Gore, J., Marshall, R. S., and Verner, E. (2011). Performance of individuals with left hemisphere stroke and aphasia and individuals with right brain damage on forward and backward digit span tasks. Aphasiology 25, 43–56. doi: 10.1080/02687031003714426

Liu, L.-Y., Lu, Y., Shen, L., Li, C.-B., Yu, J.-T., Yuan, C. R., et al. (2022). Prevalence, risk and protective factors for mild cognitive impairment in a population-based study of Singaporean elderly. J. Psychiatr. Res. 145, 111–117. doi: 10.1016/j.jpsychires.2021.11.041

Luis, C. A., Keegan, A. P., and Mullan, M. (2009). Cross validation of the Montreal Cognitive Assessment in community dwelling older adults residing in the Southeastern US. Int. J. Geriatr. Psychiatry 24, 197–201. doi: 10.1002/gps.2101

Mak, E., Gabel, S., Su, L., Williams, G. B., Arnold, R., Passamonti, L., et al. (2017). Multi-modal MRI investigation of volumetric and microstructural changes in the hippocampus and its subfields in mild cognitive impairment, Alzheimer’s disease, and dementia with Lewy bodies. Int. Psychogeriatr. 29, 545–555. doi: 10.1017/S1041610216002143

Murillo-Garcia, A., Villafaina, S., Collado-Mateo, D., Leon-Llamas, J. L., and Gusi, N. (2021). Effect of dance therapies on motor-cognitive dual-task performance in middle-aged and older adults: a systematic review and meta-analysis. Disabil. Rehabil. 43, 3147–3158. doi: 10.1080/09638288.2020.1735537

Nuzum, H., Stickel, A., Corona, M., Zeller, M., Melrose, R. J., and Wilkins, S. S. (2020). Potential Benefits of Physical Activity in MCI and Dementia. Behav. Neurol. 2020, 1–10. doi: 10.1155/2020/7807856

Perrochon, A., and Kemoun, G. (2014). The Walking Trail-Making Test is an early detection tool for mild cognitive impairment. Clin. Interv. Aging 9, 111–119. doi: 10.2147/CIA.S53645

Petersen, R. C., Doody, R., Kurz, A., Mohs, R. C., Morris, J. C., Rabins, P. V., et al. (2001). Current Concepts in Mild Cognitive Impairment. Arch. Neurol. 58:1985. doi: 10.1001/archneur.58.12.1985

Petersen, R. C., Smith, G. E., Waring, S. C., Ivnik, R. J., Kokmen, E., and Tangelos, E. G. (1997). Aging, Memory, and Mild Cognitive Impairment. Int. Psychogeriatr. 9, 65–69. doi: 10.1017/S1041610297004717

Pruessner, J. C. (2000). Volumetry of Hippocampus and Amygdala with High-resolution MRI and Three-dimensional Analysis Software: minimizing the Discrepancies between Laboratories. Cereb. Cortex 10, 433–442. doi: 10.1093/cercor/10.4.433

Pruessner, J. C., Collins, D. L., Pruessner, M., and Evans, A. C. (2001). Age and Gender Predict Volume Decline in the Anterior and Posterior Hippocampus in Early Adulthood. J. Neurosci. 21, 194–200. doi: 10.1523/JNEUROSCI.21-01-00194.2001

Radd-Vagenas, S., Fiatarone Singh, M. A., Inskip, M., Mavros, Y., Gates, N., Wilson, G. C., et al. (2018). Reliability and validity of a Mediterranean diet and culinary index (MediCul) tool in an older population with mild cognitive impairment. Br. J. Nutr. 120, 1189–1200. doi: 10.1017/S0007114518002428

Rahe, J., Petrelli, A., Kaesberg, S., Fink, G., Kessler, J., and Kalbe, E. (2015). Effects of cognitive training with additional physical activity compared to pure cognitive training in healthy older adults. Clin. Interv. Aging 10, 297–310. doi: 10.2147/CIA.S74071

Rehfeld, K., Müller, P., Aye, N., Schmicker, M., Dordevic, M., Kaufmann, J., et al. (2017). Dancing or Fitness Sport? The Effects of Two Training Programs on Hippocampal Plasticity and Balance Abilities in Healthy Seniors. Front. Hum. Neurosci. 11:305. doi: 10.3389/fnhum.2017.00305

Rektorova, I., Klobusiakova, P., Balazova, Z., Kropacova, S., Sejnoha Minsterova, A., Grmela, R., et al. (2020). Brain structure changes in nondemented seniors after six-month dance-exercise intervention. Acta Neurol. Scand. 141, 90–97. doi: 10.1111/ane.13181

Sandroff, B. M., Wylie, G. R., Baird, J. F., Jones, C. D., Diggs, M. D., Genova, H., et al. (2021). Effects of walking exercise training on learning and memory and hippocampal neuroimaging outcomes in MS: a targeted, pilot randomized controlled trial. Contemp. Clin. Trials 110:106563. doi: 10.1016/j.cct.2021.106563

Sanford, A. M. (2017). Mild Cognitive Impairment. Clin. Geriatr. Med. 33, 325–337. doi: 10.1016/j.cger.2017.02.005

Shi, F., Liu, B., Zhou, Y., Yu, C., and Jiang, T. (2009). Hippocampal volume and asymmetry in mild cognitive impairment and Alzheimer’s disease: meta-analyses of MRI studies. Hippocampus 19, 1055–1064. doi: 10.1002/hipo.20573

Shrout, P. E., and Fleiss, J. L. (1979). Intraclass correlations: uses in assessing rater reliability. Psychol. Bull. 86, 420–428. doi: 10.1037/0033-2909.86.2.420

Sodoma, M. J., Cole, R. C., Sloan, T. J., Hamilton, C. M., Kent, J. D., Magnotta, V. A., et al. (2021). Hippocampal acidity and volume are differentially associated with spatial navigation in older adults. NeuroImage 245:118682. doi: 10.1016/j.neuroimage.2021.118682

Song, D., Yu, D. S. F., Li, P. W. C., and Lei, Y. (2018). The effectiveness of physical exercise on cognitive and psychological outcomes in individuals with mild cognitive impairment: a systematic review and meta-analysis. Int. J. Nurs. Stud. 79, 155–164. doi: 10.1016/j.ijnurstu.2018.01.002

Stimpson, N. J., Davison, G., and Javadi, A.-H. (2018). Joggin’ the Noggin: towards a Physiological Understanding of Exercise-Induced Cognitive Benefits. Neurosci. Biobehav. Rev. 88, 177–186. doi: 10.1016/j.neubiorev.2018.03.018

Tait, J. L., Duckham, R. L., Milte, C. M., Main, L. C., and Daly, R. M. (2017). Influence of Sequential vs. Simultaneous Dual-Task Exercise Training on Cognitive Function in Older Adults. Front. Aging Neurosci. 9:368. doi: 10.3389/fnagi.2017.00368

Teixeira, C. V. L., Ribeiro de Rezende, T. J., Weiler, M., Magalhães, T. N. C., Carletti-Cassani, A. F. M. K., Silva, T. Q. A. C., et al. (2018). Cognitive and structural cerebral changes in amnestic mild cognitive impairment due to Alzheimer’s disease after multicomponent training. Alzheimers Dement. Transl. Res. Clin. Interv. 4, 473–480. doi: 10.1016/j.trci.2018.02.003

ten Brinke, L. F., Bolandzadeh, N., Nagamatsu, L. S., Hsu, C. L., Davis, J. C., Miran-Khan, K., et al. (2015). Aerobic exercise increases hippocampal volume in older women with probable mild cognitive impairment: a 6-month randomised controlled trial. Br. J. Sports Med. 49, 248–254. doi: 10.1136/bjsports-2013-093184

van Geest, Q., Hulst, H. E., Meijer, K. A., Hoyng, L., Geurts, J. J. G., and Douw, L. (2018). The importance of hippocampal dynamic connectivity in explaining memory function in multiple sclerosis. Brain Behav. 8:e00954. doi: 10.1002/brb3.954

Verdelho, A., Madureira, S., Moleiro, C., Ferro, J. M., O’Brien, J. T., Poggesi, A., et al. (2013). Depressive symptoms predict cognitive decline and dementia in older people independently of cerebral white matter changes: the LADIS study. J. Neurol. Neurosurg. Psychiatry 84, 1250–1254. doi: 10.1136/jnnp-2012-304191

Wang, C.-H., Wang, L.-S., and Zhu, N. (2016). Cholinesterase inhibitors and non-steroidal anti-inflammatory drugs as Alzheimer’s disease therapies: an updated umbrella review of systematic reviews and meta-analyses. Eur. Rev. Med. Pharmacol. Sci. 20, 4801–4817.

Wang, J., Zou, Y., Cui, J., Fan, H., Chen, X., Chen, N., et al. (2015). Revision of the Wechsler memory scale-fourth edition of Chinese version (adult battery). Chin. Ment. Health J. 29, 53–59.

Worker, A., Dima, D., Combes, A., Crum, W. R., Streffer, J., Einstein, S., et al. (2018). Test–retest reliability and longitudinal analysis of automated hippocampal subregion volumes in healthy ageing and A lzheimer’s disease populations. Hum. Brain Mapp. 39, 1743–1754. doi: 10.1002/hbm.23948

Yoo, J.-G., Jakabek, D., Ljung, H., Velakoulis, D., van Westen, D., Looi, J. C. L., et al. (2019). MRI morphology of the hippocampus in drug-resistant temporal lobe epilepsy: shape inflation of left hippocampus and correlation of right-sided hippocampal volume and shape with visuospatial function in patients with right-sided TLE. J. Clin. Neurosci. 67, 68–74. doi: 10.1016/j.jocn.2019.06.019

Yu, J., Li, J., and Huang, X. (2012). The Beijing version of the montreal cognitive assessment as a brief screening tool for mild cognitive impairment: a community-based study. BMC Psychiatry 12:156. doi: 10.1186/1471-244X-12-156

Yushkevich, P. A., and Gerig, G. (2017). ITK-SNAP: an Intractive Medical Image Segmentation Tool to Meet the Need for Expert-Guided Segmentation of Complex Medical Images. IEEE Pulse 8, 54–57. doi: 10.1109/MPUL.2017.2701493

Zhu, Y., Zhong, Q., Ji, J., Ma, J., Wu, H., Gao, Y., et al. (2020). Effects of Aerobic Dance on Cognition in Older Adults with Mild Cognitive Impairment: a Systematic Review and Meta-Analysis. J. Alzheimers Dis. 74, 679–690. doi: 10.3233/JAD-190681


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Zhu, Gao, Guo, Qi, Xiao, Wu, Ma, Zhong, Ding, Zhou, Ali, Zhou, Zhang, Wu, Wang, Sun, Thabane, Zhang and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fnagi-14-771413-t001.jpg
Characteristics Intervention Control Group-wise

Group Group comparison
(n=35) (n =33) P-value
Age (years), mean (SD) 71.51(6.62) 69.82 (7.74) 0.334
Female, n (%) 18(51.42%) 23(70.00%) 0.055%
Height (cm), mean (SD) 1567.17(8.50) 156.02(8.57) 0.215%
Weight (kg), mean (SD) 57.78(8.50) 57.47(10.61) 0.836
High Blood pressure™, n (%) 5(14.29%) 6(18.18%) 0.589
Hachinski Ischemia Score 0.084
0 13(37.14%) 7(21.21%)
1 15 (42.86%) 13 (39.39%)
2 2(5.71%) 8 (24.24%)
3 4(11.43%) 5(15.15%)
4 1(2.86%) 0(0.00%)
Education years, mean (SD) 10.49(3.94) 9.49(4.14) 0.415

SD, standard deviation.

aNonparametric test was applied in non-normally distributed continuous data.
THigh blood pressure is defined as systolic blood pressure >140 mmHg or
diastolic blood pressure >90 mmHg.





OPS/images/fnagi-14-771413-t003.jpg
Variable B (95% CI) P

MMSE

Group —0.021(—0.923, 0.768) 0.856
Age —0.366(—0.151,—0.034) 0.002
Gender —0.199(—1.596, 0.127) 0.094
MoCA

Group 0.280(0.159, 2.361) 0.026
Age —0.076(—0.100, 0.052) 0.533
Gender —0.029(—1.258, 0.991) 0.816
WMS-RLM

Group 0.326(1.005, 6.773) 0.009
Age 0.010(—0.191, 0.208) 0.934
Gender 0.004(—2.888, 2.991) 0.972
SDMT

Group 0.038(—1.475, 1.991) 0.767
Age 0.034(—0.104, 0.136) 0.791
Gender —0.057(—2.166, 1.366) 0.653
TMTA

Group —0.169(—18.733, 4.204) 0.210
Age 0.125(—0.391, 1.195) 0.315
Gender —0.070(—14.962, 8.414) 0.578
TMTB

Group —0.248(—62.506,—0.278) 0.048
Age —0.074(—2.806, 1.498) 0.546
Gender —0.124(—47.726, 15.693) 0.317
DST

Group 0.154(—1.728, 7.217) 0.225
Age —0.060(—0.384, 0.234) 0.630
Gender —0.096(—6.312, 2.805) 0.445
GDS

Group 0.083(—2.136, 4.225) 0.514
Age 0.088(—0.142, 0.298) 0.483
Gender —0.086(—4.344, 2.139) 0.499
SF36

Group 0.137(-3.180, 10.711) 0.283
Age 0.001(—0.478, 0.483) 0.991
Gender 0.057(—5.480, 8.678) 0.653
FAQ

Group 0.044(—0.979, 1.397) 0.726
Age 0.156(—0.030, 0.134) 0.210
Gender —0.117(—1.781, 0.640) 0.350

ClI, confidence interval; MMSE, mini-mental state examination; MoCA, montreal cognitive assessment; WMS-RLM, Wechsler memory scale-revised logical memory;
TMTA, trail making test part A; TMTB, trail making test part B; SDMT, symbol digit modalities test; DST, forward and backward digit span task; SF36, quality of life was
measured by short-form health survey; FAQ, abilities of daily living were measured by functional activities questionnaire.

Multivariable linear regression models with clinical assessments.

The model was adjusted by group, age, and gender.
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Cl, confidence interval.

Muiltivariable linear regression models with right hippocampal volume, left
hippocampal volume, and total hippocampal volume.

The model was adjusted by group, age, and gender.

Values in bold are statistically significant, i.e., p-values < 0.05.
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