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Abstract

:

Background: Presently the use of technological devices such as wearable devices has emerged. Physical activity monitoring with wearable sensors is an easy and non-intrusive approach to encourage preventive care for older adults. It may be useful to follow a continuous assessment of the risk of falling. The objective is to explore the relationship between the daily activity measured by Xiaomi Mi Band 2 and the risk of falling of older adults residing in or attending care facilities. Methods: A cross-sectional study was conducted on three different institutions located in Galicia (autonomous community) (Spain). Results: A total of 31 older adults were included in the study, with a mean age of 84 ± 8.71 years old. The main findings obtained were that a greater number of steps and distance could be related to a lower probability of falling, of dependency in basic activities of daily living, or of mobility problems. Conclusions: The importance of focusing on daily steps, intrinsically related to the objective assessment of daily physical activity, is that it is a modifiable factor that impacts different aspects of health and quality of life.
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1. Introduction


Currently, it is well documented that aging populations are progressively increasing. Older people represent 20.3% of the European population over 65 years old, after Japan with 28% [1,2]. Also, life expectancy increases, which means that people are expected to live longer, increasing the risk of chronic diseases and higher levels of dependency in daily life [3]. Therefore, as people age, they are more likely to need third-party support, which complicates the choice of aging in place and independently [4,5]. In this case, especially in Spain, there are three different options: living at home with home assistance either by a professional or by a nonprofessional carer, living at home and attending a day center, or going to a long-term care facility [6].



In Spain, and particularly in the Galicia autonomous community, older people represent 25.5% of the population, and the ratio of residential vacancies to 100 older people is around 3:1 [7]. The estimated number of older people living in Spain’s nursing homes is 81.4% [8]. Usually, an older person who is institutionalized loses capacity and skills, which affects independence in daily life, presenting an imbalance in their occupational performance [9]. Likewise, they are more likely to have poor quality of life, low cognitive and physical status, affecting their daily lives [9].



During the aging process, chronic diseases can derive from a decreased physical activity level [10,11]. Over time, some studies have concluded that higher daily physical activity levels reduce chronic diseases in all age groups [12]. Thus, the World Health Organization (WHO) recommended adults aged 65 years get between 150 and 300 min of moderate-intensive physical activity per week [13].



The most inactive and active people in aging populations are at the highest risk of falls [14]. Thus, one of the most frequent syndromes in the older population is the risk of falling, which is the second leading cause of death worldwide and considered to be one of the most common reasons for a decreased level of physical activity and for institutionalizing older adults [14]. For this reason, falls are identified as an urgent global health challenge that, despite the pandemic situation, is gaining great importance, as well as indicating the importance of being physically active [15]. The incidence of falls in community-dwelling older people over 65 years is around 30%, and in residential care facilities, approximately 50% [14].



The risk of falling is associated with gait and balance problems, which also impact physical activity levels. Agmon et al. [16] demonstrated that the increased gait variability was a strong predictor of falls in older adults. Gait problems mean losing independence, a significant reduction in quality of life, increased risk of falling, and mortality and morbidity [16]. Some of the main fall factors are age, previous falls, living alone, use of medicines, gender, medical conditions (i.e., circulatory disease, depression, arthritis), impaired mobility and gait, sedentary behavior, fear of falling, nutritional deficiencies, impaired cognition, visual impairments, hearing loss, and foot problems [14].



People with a recent history of falls can acquire a fear of falling [14]. Occupational therapists have a key role in addressing the risk and fear of falling because it may limit a person’s ability to engage in a meaningful occupation and lead to a sedentary lifestyle. As Wu et al. mentioned [16], occupational therapists may collaborate to manage the person’s concerns about falling to maintain daily functions and independence [16]. Under these circumstances, new strategies and tools should be sought to assess aspects related to the risk of falling from an occupational perspective, for example, technological tool use. Furthermore, in a previous scoping review about the use of technology by occupational therapists in dealing with falls, there was not found any experience with wearable devices [17].



The existing literature is widely related to human activity detection for daily activities. It includes the detection of falls, the analysis of objective gait, the analysis of different signs and symptoms associated with neurological disorders (i.e., Parkinson’s disease), among others [18]. Regarding fall detection, the solutions are focused on visual sensors, telecare solutions with user interaction, mobile applications, or wearable systems [19]. Wearables constitute any mobile device worn on the body, called on-body sensors, such as inertial measurement units, smart watches, wristbands, or Holter electrocardiogram monitors [20]. They provide objective and quantitative measures from controlled and unsupervised environments. As mentioned, they allow the development of accurate treatment plans and disease monitoring [21]. These objective techniques are body-fixed motion sensors, ranging from switches, pedometers, actometers, goniometers, accelerometers, and gyroscopes, mainly for physical activity assessment. Mechanical pedometers, known as step counters, are the basic wearable sensors to measure human motion. They are often used to compare data from the wristbands [22,23].



The analysis of using wearable technology has been developed in unsupervised environments under free-living conditions instead of in laboratories or clinical visits [20]. Wearable devices can track nearly everything, from providing early stroke detection to monitoring physiological parameters, quantifying physical activity, monitoring sleep quality, determining gait structures, and measuring plantar pressures and shear [24]. Also, the key advantage of wearable sensors is that no dedicated laboratory environment is needed to extract parameters of interest. Thus, mobility assessments, such as gait and balance tests, can be performed in any clinical setting and during a routine clinic visit [25]. In addition, monitoring people in a daily living environment and over continuous periods may become more feasible and ecological [20,26,27].



While using conventional geriatric assessment tools or questionnaires provides information on the purpose of the activity, wearable devices can quantify the motion performed. Both provide complementary information to the researchers, which are not interchangeable [28,29]. Likewise, as supported by Yang et al. [30], studies in fall risk assessment should recommend using wearable technologies to supplement nursing home assessment tools. In fact, at present, the use of technological devices such as wearable devices has been emerging. For instance, wearable sensors are an easy and non-intrusive approach to encourage preventive care for older adults. It may be useful to continuously monitor and assess daily activities in real-life environments [31].



Literature on the study topic has referred to the main wearable devices used in older adults’ populations: wristbands, activity monitors, or accelerometers. The main objectives of using these devices are: (1) to explore the relationship between sleep behavior and gait performance [16], (2) to validate the devices by step count [32], (3) to evaluate the feasibility and efficacy of the device [33,34], (4) to determine the validity of a device compared to Actigraph [35,36], or (5) to understand the use of wristbands by older adults conducting qualitative or mixed studies [37,38,39,40,41].



The trusted wearable device with a research purpose is the Actigraph accelerometer (ActiLife, Pensacola, E.E.U.U.) [34]. Notwithstanding, Paul et al. determined that this accelerometer undercounts steps in older adults, especially in people with mobility impairments [32,35]. Furthermore, despite it being a budget option, DeGroote et al. [42]’s study reported a great agreement between the data from Actigraph and the Xiaomi Mi Band (Xiaomi, Beijing, China), which makes it a competent low-cost choice.



O’Brien et al. [33] supported that wristband activity trackers are an accepted method for recording daily physical activity among older adults. Previous studies have encouraged the use of the Xiaomi Mi Band, reporting that it seems to be one of the best packages for its price [43]. Also, Puri et al. [39]’s study showed that the Xiaomi Mi Band has an 80% acceptance by older adults, more than the Microsoft Band (50%), (Microsoft, E.E.U.U.). In this line, previous studies such as that of Mičková et al. [44], have used the Xiaomi Mi Band to assess physical activity, steps, and self-reported health in a group of older adults [44].



Tudor-Locke et al. [45] found that being physically active is associated with higher levels of functional health, lower risk of falling, and improved cognitive health.



Accordingly, this study aims to examine the association between Xiaomi Mi Band 2 parameters, especially for daily steps, with older adults who are at risk of falling, residing, or attending a care facility. This study aims to describe their fall history and determine the influence of daily steps and sleep on dependency in basic activities of daily living (B.A.D.L.), having a cognitive impairment, and having any problem associated with health-related quality of life (HRQoL). Finally, this study aims to analyze the utility of the Xiaomi Mi Band 2 to assess older adults’ daily activity and sleep.




2. Materials and Methods


2.1. Study Design


An observational descriptive cross-sectional study was conducted on three different institutions located in Galicia autonomous community (Spain), all of them providing services as a residence and day center. It is part of the GeriaTIC project [46] (Clinical Trials NCT03504813), in which two institutions participated, and another project (Clinical Trials NCT04592796), in which one institution participated. The three institutions have similar characteristics and similar populations. The study began in March 2017, and it was completed in December 2019.




2.2. Participants


A purposive sampling was used to recruit the participants from the three institutions. They were eligible for study entry if they met the following criteria:




	
aged over 65 years old;



	
resided in or attended a nursing home or day center;



	
able to walk 3 m;



	
able to provide written informed consent;



	
understood, spoke, and read Spanish proficiently;



	
not having requested a transfer to another center;



	
agreed to wear the wristband for 30 days (during the day and night).









2.3. Data Collection


The participants had to wear the Xiaomi Mi Band for 30 days, 24 h a day. The assessment tools selected were administrated the first day of wristband use to draw a baseline about the sample. A data set about the variables was compiled [47].




2.4. Tools and Measures


2.4.1. Institution Database


The variables selected were sex (male or female), age, care facility (nursing home or day center), marital status (widow or not), body mass index (normal weight or overweight), and the number of diagnoses from the medical record.



The diagnoses most closely related to the risk of falling were selected and classified into the following groups:




	
Diagnoses of any of these physical conditions: osteoporosis, osteoarthritis, dizziness and giddiness, rheumatoid arthritis, abnormalities of gait and mobility, or multiple sclerosis.



	
Diagnoses of any of these cognitive conditions: Alzheimer’s disease, dementia, or age-associated cognitive decline.



	
Diagnoses of other health conditions: hypertension, visual impairment, diabetes, or hearing loss.








Other variables included were the number of certain assistive aids used (glasses, hearing aid, or anti-decubitus pillow), the number of mobility aids (cane or walker), the number of falls in the last 12 months, and fall classification profile (non-fallers with any fall in the last 12 months, or faller with one or more falls in the last 12 months) [30].



In addition, the institution database obtained the most recent Barthel Index Score, Tinetti Index Score, and the presence or not of cognitive impairment. Barthel Index measures the level of dependency in B.A.D.L. such as feeding, bathing, grooming, dressing, bowel control, bladder control, toilet use, transfers, mobility on level surfaces, and up and downstairs. In the Barthel Index the score ranges between 0 and 100 points, 100 is considered independency in B.A.D.L., and >100 is considered any level of dependency in B.A.D.L. [48]. The Tinetti Scale assesses the risk of falling based on gait and balance, and the total score is between 0 and 28, considering ≥24 as no risk of falling and <24 as the risk of falling [49].




2.4.2. Health-Related Quality of Life


The EuroQol-5D-5L (EQ-5D-5L) was used to explore the perception of each participant about their HRQoL. It evaluates four elements [50]. The first element consists of a descriptive system of five dimensions: mobility (walking ability), self-care (washing or dressing), usual activities (i.e., work, study, household chores, family activities, or leisure time activities), pain/discomfort, and anxiety/depression; these are assessed as: (1) no problems, (2) slight problems, (3) moderate problems, (4) severe problems, or (5) extreme problems/inability. In this case, we considered those having any problem or no problem to analyze [50]. The second element was a Visual Analog Scale (VAS), in which the person rates his/her perceived health from 0 (the worst imaginable health) to 100 (the best imaginable health) [50]. Finally, the third and fourth elements (the EQ-5D-5L Index and the Severity Index, respectively) are two indexes calculated from the descriptive system’s scores. The EQ-5D-5L Severity Index score between 0 (absence of problems) to 100 (more severity), and the EQ-5D-5L Index between 0 (state of health similar to death) and 1 (better health status) [50].




2.4.3. Xiaomi Mi Band 2


The participants were monitored for 30 days with the Xiaomi Mi Band 2 located on their dominant hand. This band has a battery of about 30 days, so it was unnecessary to load during the study period. This device was used to count steps in order to provide a means of objectively quantifying total daily activity. Individual Gmail accounts were created for each participant to collect the data from the wristbands, and through the Mi Fit mobile application, the data were extracted to an Excel document. The parameters obtained were the 30-day averages based on the following variables:




	
Daily activity: analyzed through the number of daily steps and the daily distance covered by each participant in meters. Based on Tudor-Locke’s study, <3000 steps indicated a low level of physical activity and 3000–10,000 steps indicated a moderate physical activity level [23].



	
Sleep: analyzed in minutes in four different parameters (daily deep sleep, daily shallow sleep, total daily sleep, and awake time in bed during the night). The Sleep Foundation recommendation was used to reference older adults’ adequate sleep of around 7–8 h, which corresponds to 420–480 min per day [51].








Data from the wristbands were compared by the institution’s professionals, and the researchers asked the participants weekly about their sleep and daily activity to ensure that the data represented their daily lives. Likewise, if the Mi Fit mobile application showed null values, this meant that the person had not worn the wristband or even that the device was failing. In this study, the institution’s professionals supervised if the participant wore the wristband daily.





2.5. Statistical Analysis


Statistical analyses were conducted using International Business Machines Corporation (I.B.M.®) Statistical Package for the Social Sciences (S.P.S.S.®) version 25. First, descriptive analysis was done using the data as means and standard deviation or frequencies and percentages, as appropriate.



Concerning inferential analysis, in the case of two categorical variables, the chi square test was implemented, contrasted with the Fisher test, since more than 20% of the boxes had values lower than 5. For these reasons, the categorical variables were grouped into two different values to create 2 × 2 contingency tables. The effect size was checked with Cramer’s V, which has values between 0 and 1, so values close to 1 indicated a strong association.



On the other hand, the normality of the numerical variables was analyzed with the Shapiro–Wilk test, which is intended for small samples. Variables with a normal distribution (Shapiro–Wilk test with p > 0.05) were analyzed with Student’s T test (tested in each categorical variable) and Pearson Correlation (correlation with other numerical variables), and those with abnormal distribution (Shapiro–Wilk test with p < 0.05) were analyzed with the Spearman correlation test (correlation with other numerical variables) and Mann–Whitney U test (numerical variables with abnormal distribution and categorical variables). Spearman and Pearson coefficient “rho” (values from 0 to 1) determined the correlation’s magnitude, and for Mann–Whitney U test results, GPower 3.1. software was used to calculate the effect size (the estimated magnitude of the relationship) and the statistical power (the probability that the null hypothesis was accepted when the alternative hypothesis was true) of the correlations and associations according to Hedges’ g, which was indicated with “g” and the statistical power indicated with “β”. Then g values below 0.2 indicated a small effect size, 0.5 of medium magnitude, and 0.8 indicated a high magnitude effect.



Regarding the significant associations previously explored, associations of risk of falling and Xiaomi Mi Band 2 parameters were analyzed using simple binary regressions, which were implemented to determine Odds Ratios (ORs) since the dependent variables are categorical and take two values (0, 1). The values of Cox and Snell R2 and Nagelkerke R2 indicate the percentage by which the regression explains the relationship between the variables. When the value is greater than 0.4, 40% of the regression explains the association between the variables. It can be considered a good result.



Lastly, the authors decided to apply a generalized model developed with Gamma distribution and logarithm link. This type of model is used for variables that do not have a normal distribution and have an integer and positive values, as in daily steps [52].




2.6. Ethical Concerns


The present study followed the ethical concerns of the Declaration of Helsinki for human research ethics. Moreover, participant confidentiality was ensured under Regulation 2016/679 and repealing Directive 95/46/E.C. of the European parliament to protect personal data. Participants received complete verbal and written information about the characteristics of the study and the implications derived from their participation in it. Once it was ensured that all participants fully understood the information provided, they agreed to participate in the study through the Informed Consent Document. The data of the participants were collected and preserved until the end of the study in coded mode.





3. Results


A total of 31 older adults were included in the study. As reported in Table 1, the mean age was about 84 years old. There was also homogeneity in gender, in which women represented 51.6% of the sample. Members of this sample mainly resided in a nursing home (n = 28) and were widows (83.9%), overweight (71%), had problems associated with any physical condition (54.8%) (i.e., osteoporosis, osteoarthritis, dizziness, and giddiness, rheumatoid arthritis, abnormalities of gait and mobility, or multiple sclerosis), with the presence of cognitive impairment (64.35%), with any level of dependency in B.A.D.L. (77.4%), took fewer than 3000 steps per day (87.1%), slept less than 420–480 min per day (54.83%), and used mobility aids (41.9%). Likewise, during the study, if any participant suffered a fall, this variable was not analyzed.



3.1. History of Falls


The history of falls expresses the number of falls experienced in the last 12 months before the present study. Figure 1 reports the distribution of falls and their main reasons. According to this, 45.2% of the sample (n = 14) had falls in the last 12 months. The total amount of falls was 25, and 32% of them had not identified the reason in the institutional database. Most of the falls happened when the person was alone (n = 22) and when he or she was in a room of the care institute (n = 21).



An analysis of the possible association between having a previous fall and the risk of falling was implemented. However, there was not found a significant association (p > 0.05). It should be noted that 11 of the 15 participants who had one or more previous falls were at risk of falling.




3.2. Risk of Falling


We investigated the risk of falling. We determined that the risk of falling may be associated with having any level of dependency in B.A.D.L. (p = 0.002, V = 0.618), taking fewer than 3000 steps per day (p = 0.007, V = 0.618), having four or more diagnoses (p = 0.006, V = 0.539), using mobility aids (p = 0.006, V = 0.532), having any physical condition (p = 0.018, V = 0.483), and using a walker (p = 0.03, V = 0.441).



Regarding the problems identified in the five dimensions of the EQ-5D-5L descriptive system, we found a positive and moderate association with mobility problems (p = 0.015, V = 0.585). However, there were identified negative strong associations with problems in self-care (p = 0.002, V = −0.483) and moderate association with problems in usual activities (p = 0.018, V = –0.483). No association between risk of falling and pain and discomfort or anxiety or depression was determined.



Moreover, we found associations between risk of falling and the number of diagnoses (F = 8, p = 0.007), the number of mobility aids used (F = 10, p = 0.003), the Barthel Index Score (F = 16, p > 0.001), the EQ-5D-5L Severity Index (F = 5.3, p = 0.028), and the EQ-5D-5L Index (F = 5.3, p = 0.028).




3.3. Health-Related Quality of Life


Related to HRQoL, the sample represented, as reported in Table 2, an EQ-5D-5L VAS of about 69 ± 15, EQ-5D-5L Index of about 0.68 ± 0.25, EQ-5D-5L Severity Index of about 22 ± 18, and a score greater than 50 in EQ-5D-5L VAS in 87.1% of the participants.



Figure 2 reports the percentage of problems identified by the participants on each EQ-5D-5L descriptive system dimension. It should be noted that not identifying problems or identifying slight problems in mobility, self-care, usual activities, pain and discomfort, and anxiety and/or depression predominated.




3.4. Xiaomi Mi Band 2 Parameter Associations


The Student’s T test and Mann–Whitney U test were used to explore the association between the parameters measured by the Xiaomi Mi Band 2, which were the independent variables (daily steps, daily distance covered, daily deep sleep, daily shallow sleep, and daily awake time at night), with being or not being at risk of falling, the presence or not of any level of dependency in B.A.D.L., and the presence or not of cognitive impairment, which were the dependent variables (see Table 3).



With the risk of falling, there were strong associations of daily steps (p < 0.001, F = 27), daily distance covered (p < 0.001, F = 31), and weak association with daily awake time at night (p = 0.013, F = 0.127).



The strongest associations with dependency in B.A.D.L. were with daily steps (p < 0.001, g = −2.086, β = 0.99), daily distance covered (p = 0.005, g = −2.666, β = 0.99) and daily deep sleep (p = 0.005, g = −0.793, β = 0.54). However, no significant associations were found with cognitive impairment.



Related to the EQ-5D-5L descriptive dimensions, which were the independent variables, (see Table 4), strong associations were found with daily steps and mobility (p = 0.001, g = −1.432, β = 0.97), self-care (p > 0.001, g = 1.404, β = 0.97), and usual activities (p < 0.001, g = 0.956, β = 0.76), and a moderate association with pain and discomfort (p = 0.008, g = 0.860, β = 0.68), as well as similar associations were found with daily distance covered.



It was concluded that with a higher number of daily steps and daily distance covered, fewer problems were identified in mobility and more problems were identified with pain and discomfort. Moreover, we found a moderate association between daily shallow sleep and mobility (p = 0.005, F = 3.78), and with pain and discomfort (p = 0.003, g = 1.066, β = 0.84). Daily total sleep was associated with usual activities (p = 0.042, g = 0.654, β = 0.53) and a low association with pain and discomfort (p = 0.02, g = −0.071, β = 0.07). No associations were encountered with daily deep and daily awake time with the dimensions of the EQ-5D-5L descriptive system.




3.5. Correlations and Associations with Daily Steps


Daily steps had no relation with age, gender, and body mass index (p > 0.05). However, after the implementation of the Pearson Correlation (normal distribution) and Spearman Correlation (abnormal distribution), we identified other correlations. This analysis determined that the significant, strongest, and positive correlations with daily steps were with Barthel Index Score (p < 0.001, rho = 0.691), EQ-5D-5L Index Score (p < 0.001, rho = 0.603), and EQ-5D-5L VAS (p = 0.013, rho = 0.377). The negative strongest correlations with daily steps were the number of mobility life aids used (p < 0.001, rho = −0.625), EQ-5D-5L Severity Index Score (p < 0.001, rho = −0.564, β = 0.99), daily awake time at night (p < 0.01, rho = −0.506), number of diagnoses (p < 0.01, rho = −0.462), number of assistive aids (p < 0.05, rho = −0.367). We did not find correlation with age (p = 0.155, rho = −0.262) and Tinetti Score (p > 0.050, rho = −0.063).




3.6. Risk of Falling Binary Regression


Concerning the risk of falling, a binary regression model was carried out, obtaining a Cox and Snell R2 of 0.408 and a Nagelkerke R2 of 0.571, which could be considered a good fit model. The following variables were removed from the model because they did not have a predictive effect on the risk of falling: taking fewer than 3000 steps per day, physical conditions, mobility aids, problems in self-care, and problems in mobility. Thus, the final model suggested that a person at risk of falling was 24 times more likely to present any level of dependence (p = 0.016, OR = 24) and 11 times more likely to have four or more diagnoses (p = 0.038; OR = 11).




3.7. Xiaomi Mi Band 2 Parameters Binary Regressions


Binary regressions (see Table 5) were performed according to the significant associations reported in Table 3 and Table 4.



Regarding the binary regressions, higher level of daily steps had an association with more probabilities of not having a risk of falling (p < 0.05, OR = 1.004, R2 = 0.570–0.796), perceiving no problems in EQ-5D-5L Mobility (p < 0.01, OR = 1.085, R2 = 0.411–0.587), perceiving no problems in EQ-5D-5L Usual activities (p < 0.05, OR = 0.999, R2 = 0.261–0.349), not having a dependency in B.A.D.L. (p < 0.05, OR = 0.913, R2 = 0.375–0.571), and having a minor probability of not perceiving problems in EQ-5D-5L Self-care (p < 0.05, OR = 0.998, R2 = 0.424–0.576).



Related to the other Xiaomi Mi Band 2 parameters we observed that greater daily distance covered was associated with greater probability of not having a risk of falling (p < 0.05, OR = 1.006, R2 = 0.534–0.746), greater probability of not having a level of dependency in B.A.D.L. (p < 0.05, OR = 1.002, R2 = 0.388–0.591), greater probability of not having perceived problems in EQ-5D-5L Mobility (p < 0.01, OR = 1.002, R2 = 0.420–0.599) and having a minor probability of not having problems in EQ-5D-5L Self-care (p < 0.05, OR = 0.998, R2 = 0.453–0.615). Daily awake time at night was associated with a minor probability of not having a risk of falling (p < 0.05, OR = 0.913, R2 = 0.346–0.483). Moreover, daily shallow sleep was associated with not having perceived problems in EQ-5D-5L Mobility (p < 0.05, OR = 1.024, R2 = 0.334–0.477) and a minor probability of not having perceived problems in EQ-5D-5L Pain and Discomfort (p < 0.05, OR = 0.986, R2 = 0.303–0.404).




3.8. Generalized Model of Daily Steps


A generalized model was applied with a distribution of Gamma and Logarithm link function. The dependent variable was daily steps with the stronger correlations and associations that were previously found.



Results from the generalized model are reported in Table 6. Many of the variables with significant association or correlation were removed due to not being significant predictors. Finally, we obtained that daily steps had a negative association with the risk of falling (p < 0.001, OR = 0.312) and when a person had any level of dependence in basic daily activities (p = 0.27, OR = 0.567). It meant that a person had 0.312 times higher risk of falling or 0.567 times higher dependency on basic activities when taking fewer steps per day, which meant that the more steps you take each day, the more likely you are to not be at risk of falling or becoming dependent; specifically, a person is about twice likely to not be at risk of falling or becoming dependent if he/she has an adequate level of daily steps.



The associations between daily steps and the level of dependency in B.A.D.L. and risk of falling are shown in Figure 3.



Figure 3 shows that people at risk of falling took fewer steps per day (between 146 and 1920) in comparison to people with no risk of falling, who took more steps per day (between 1188 and 7942). In other words, the average number of steps taken by the people with a risk of falling was lower (937 ± 738), while those taken by people with no risk of falling was greater (3755 ± 2527). Likewise, dependent people took fewer steps per day (between 146 and 2739) compared to independent people, who took more steps per day (between 729 and 7942). By comparing both in Figure 3, it is shown that dependent people’s steps mean per day was lower (937 ± 738) while independent people’s steps mean per day was greater (3755 ± 2527).





4. Discussion


The present study examined the Xiaomi Mi Band 2 parameters and older adults’ health related to physical activity and risk of falling. The main findings obtained were that a greater number of steps and distance could suppose a lower probability of presenting a risk of falling, dependency in B.A.D.L., or perception of mobility problems. In this way, as Patterson’s study [53] concluded, there is no agreement on what dose of physical activity should be performed to maintain a person’s functional independence. However, it is known that with moderate physical activity levels, there can be significant results [53]. Likewise, the relationship between staying physically active and engaging in regular physical activity, with health benefits, particularly in fall rate reduction has been well documented for decades [54].



The number of steps taken by the participants who did not perceive mobility problems, were not at a risk of falling, and were independent in B.A.D.L. were between 2503 median steps in a range of 7256, a mean of 3366 steps ± 2139, and a median of 4509 in a range of 7213, respectively. In other words, considering these three aspects, the number of daily steps ranged from 2500 to 6000 steps approximately. Similar data were obtained in the O’Brien study, in which the intermediate steps of older adults were 2500–4000 [33]. However, according to Tudor-Locke et al. [45], this range fits a sedentary profile. These authors suggested that below 6000 daily steps could not provide health benefits [45]. It suggests that physical activity levels should be increased, although it should be noted that the mean age of the participants was 84 ± 8.71 years old, with 87.1% of the participants who took fewer than 3000 steps per day. Thus, it is not clear whether this level of physical activity may significantly affect their health for this population.



Daily steps are a modifiable factor intrinsically related to the objective assessment of daily physical activity. They have a strong impact on health in any population, but especially in older adults. It affects their level of independence and quality of life, taking into account the repercussions of falls [55]. This study suggested that wearable devices, like Xiaomi Mi Band 2, may be used for appropriate assessments, which can help to identify those with an increased risk of falls to reduce the negative impact of falls in older adults [56]. A total of 45.2% of the sample had previous falls, considering that their normal incidence in nursing homes is 50% [14]. Despite the pandemic situation, falls are still gaining great importance [15], making them a focus of attention. In this case, health professionals and caregivers played a central role in mitigating unnecessary risk-taking [57].



The association between having a previous fall and the risk of falling was investigated. Nevertheless, no association was found. However, previous studies have indicated that older fallers have a high prevalence of fall risk factors and are at risk of functional decline [58]. As aforementioned, it was possible to observe a lower risk of falling at a higher level of physical activity.



Regarding sleep, in this study, we observed that daily awake time at night was weakly associated with the risk of falling (p = 0.013, F = 0.127). Although the data were not supported by strong associations and knowing that it is necessary to consider the quality of sleep as measured by deep sleep, shallow sleep, and total sleep, they showed an important aspect of using wearables devices. Wearable devices continuously monitor the person, which provides the approximate time that the person has been awake at night, and, therefore, they can help to understand their needs.



In this way, Stefan et al. [59] reported that older adults with short sleep duration are less likely to meet physical activity guidelines. In contrast, those who report long sleep duration and good sleep quality are more likely to meet physical activity guidelines [59]. In the present study, the participants who perceived problems with mobility were likely to have more daily shallow sleep. In contrast, people with perceived pain and discomfort problems had a higher risk of getting less daily shallow sleep. In other words, we found that people with subjective pain and discomfort may get less shallow sleep. However, it should be compared with deep sleep to examine the quality of sleep, but in this case, no significant associations were found to conclude. Similarly, no significant relations were found with cognitive impairment, and perceived problems with usual activities, or total sleep parameters and deep sleep.



The existing literature has supported a relationship between short sleep duration and injury from falling [54]. In addition, maintaining daily routines was associated with a reduced rate of insomnia in older adults [60]. In the present study, 54.83% of the participants slept less than 420–480 min, which is the adequate range of sleep per day [51], while participants with a risk of falling slept 360 ± 118 min per day in comparison with those with no risk of falling, who slept 421 ± 85 min per day. It means that people who are not at risk of falling, sleep more, and have sleep levels that are within the appropriate range, although it was not possible to conclude a significant relationship.



Regarding the risk of falling, we found that a person at risk of falling is 24 times more likely to present any level of dependence and 11 times more likely to have four or more diagnoses following the risk factors collected by the WHO, who specified different medical conditions, mobility and gait impaired, and sedentary behavior, among others [14]. Thus, the risk of falling may be related to dependency and comorbidity. The association with the use of mobility aids has not been established, which may affect the number of daily steps. Also, it has not been possible to determine whether these aids can be a facilitator or a barrier in older adults’ daily lives.



4.1. Limitations


The main limitations identified are the size and heterogeneity of the sample, since they influenced our being able to draw strong conclusions or associations between some aspects of physical activity and the risk of falling. Other risk factors for falls, such as fear of falling, medication, nutrition, or environmental adaptation, should be considered.




4.2. Further Work in the Field


It would be important to carry out a case-control study with an appropriate sample size to determine whether having a risk of falling influences the number of daily steps taken, as this study suggests that people who are not at risk of falling could take more steps per day. Also, further studies should include other variables such as fear of falling, medication, nutrition, or environmental adaptation, to explore how they influence the risk of falling.




4.3. Clinical Implications


Wearable devices can make older people aware of their physical activity and sleep. As Hopman reported, physical activity promotion is a difficult challenge to the habits of older adults [61]. In this way, as mentioned above, occupational therapists have a key role in promoting healthy routines and habits. In addition, any health professional and caregiver play a central role in mitigating unnecessary risk-taking [57]. Thus, an interdisciplinary team is necessary to address the risk of falling. Carers should receive the necessary training from occupational therapists or other health providers to prevent or reduce falls.



Wristbands may be an effective and fast way to evaluate people without requiring extended time for professionals to determine their day-to-day needs. It will now be useful in the COVID situation to observe how this situation has affected people’s physical activity and sleep levels.





5. Conclusions


The main findings obtained were that a greater number of steps and distance could be related to a lower probability of presenting a risk of falling, dependency in B.A.D.L., or perception of mobility problems.



Based on the results, cognitive impairment does not have strong associations with any of the Xiaomi Mi Band 2 parameters selected (steps, distance, deep sleep, shallows sleep, total sleep, and awake time at night).



Regarding sleep, the results suggest that people at risk of falling tend to be awake longer at night, independent people get more deep sleep, people who identify problems in their usual activities have a lower total sleep time, and finally, people who identify pain or discomfort have less light sleep and sleep in total.



The risk of falling may be related to dependency and comorbidity. However, we cannot determine whether mobility aids can be a facilitator or a barrier in older adults’ daily lives.



Lastly, wearable devices continuously monitor the person, which can help to understand their needs. The importance of focusing on daily steps, intrinsically related to the objective assessment of daily physical activity, is because it is a modifiable factor that impacts different aspects of health, quality of life, and risk of falling.







Author Contributions


Conceptualization, M.d.C.M.-D., L.N.-R., P.C.-M., B.G., T.P., N.C. and J.P.; methodology, M.d.C.M.-D., L.N.-R., P.C.-M. and B.G.; formal analysis, M.d.C.M.-D., L.N.-R. and P.C.-M.; investigation, M.d.C.M.-D., L.N.-R., P.C.-M. and B.G.; writing M.d.C.M.-D., L.N.-R. and P.C.-M.; supervision, L.N.-R. and J.P. All authors have read and agreed to the published version of the manuscript.




Funding


GERIA-TIC project co-funded by the Galician Innovation Agency (GAIN) through the Connect P.E.M.E. Program (third edition) (IN852A 2016/10) and European Union F.E.D.E.R. funds.




Institutional Review Board Statement


Two protocols were approved by the Autonomic Research Ethics of Galicia, one with the protocol code IN852A 2016/10 and registered in Clinical Trials with the identifier NCT03504813, and another project with ethics protocol code 2018/473 and registered in Clinical Trials with the identifier NCT04592796.




Informed Consent Statement


Written informed consent was obtained from all participants involved in the study to publish this paper.




Data Availability Statement


A data set was published in Mendeley Data [46].




Acknowledgments


The authors disclosed the receipt of the following financial support for the research, authorship, and/or publication of this article: The research team will bear all the economic costs involved in the study, with the support of the C.I.T.I.C., as the research center accredited by Galician University System, which is funded by “Consellería de Cultura, Educación e Universidades from Xunta de Galicia,” which provided 80% of funds through E.R.D.F. Funds, E.R.D.F. Operational Programme Galicia 2014–2020, and the remaining 20% was provided by “Secretaría Xeral de Universidades” [Grant ED431G 2019/01]. Moreover, P.C.M. obtained a scholarship [Ref.ED481A-2019/069] and M.D.C.M. [Ref.ED481A 2018/205] gained a scholarship to develop a Ph.D. In addition, this work is also supported in part by the Ministerio de Ciencia e Innovación R+D+I projects in the framework of the national programs of knowledge generation and scientific and technological strengthening of the R+D+I system and the challenges of society’s oriented R+D+I 2019 call (PID2019-104323RB-C33).




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Eurostats Ageing Europe—Statistics on Population Developments—Statistics Explained. Available online: https://ec.europa.eu/eurostat/statistics-explained/index.php/Ageing_Europe_-_statistics_on_population_developments#Older_peple.E2.80.94_global_developments (accessed on 8 February 2021).

	



Daykin, C.; Stavrakis, C.; Bogataj, D.; Risku, I.; Van den Bosch, J.; Woodall, J.; Economou, M.; Papamichail, M.; Gatenby, P.; Marcelloni, R.; et al. Meeting the Challenge of Ageing in the European Union. 2019. Available online: http://actuary.eu/ (accessed on 8 February 2021).

	



World Health Organization. Life Expectancy at Age 60 Years. Available online: https://www.who.int/data/gho/data/indicators/indicator-details/GHO/life-expectancy-at-age-60-(years) (accessed on 8 February 2021).

	



World Health Organization. Health Systems that Meet the Needs of Older People. Available online: https://www.who.int/ageing/health-systems/en/ (accessed on 8 February 2021).

	



World Health Organization. Ageing and Health. Available online: https://www.who.int/news-room/fact-sheets/detail/ageing-and-health (accessed on 8 February 2021).

	



Fernández-Carro, C. Ageing at home, co-residence or institutionalisation? Preferred care and residential arrangements of older adults in Spain. Ageing Soc. 2016, 36, 586–612. [Google Scholar] [CrossRef]

	



Abellán García, A.; Aceituno Nieto, M.D.P.; Ramiro Fariñas, D.; Castillo Belmonte, A.B. Informes Estadísticas Sobre Residencias. Distribución de Centros y Plazas Residenciales por Provincia. Datos de Septiembre de 2020. 2021. Available online: http://envejecimientoenred.es/estadisticas-sobre-residencias-distribucion-de-centros-y-plazas-residenciales-por-provincia-datos-de-septiembre-de-2020/ (accessed on 8 February 2021).

	



Abellán García, A.; Aceituno Nieto, M.D.P.; Castillo Belmonte, A.B.; Ramiro Fariñas, D. Nivel de Ocupación en Residencias de Personas Mayors. Available online: http://envejecimientoenred.es/nivel-de-ocupacion-en-residencias-de-personas-mayores/ (accessed on 9 February 2021).

	



de Medeiros, M.M.D.; Carletti, T.M.; Magno, M.B.; Maia, L.C.; Cavalcanti, Y.W.; Rodrigues-Garcia, R.C.M. Does the institutionalization influence elderly’s quality of life? A systematic review and meta–analysis. BMC Geriatr. 2020, 20, 44. [Google Scholar] [CrossRef] [PubMed]

	



Tuna, H.D.; Edeer, A.O.; Malkoc, M.; Aksakoglu, G. Effect of age and physical activity level on functional fitness in older adults. Eur. Rev. Aging Phys. Act. 2009, 6, 99–106. [Google Scholar] [CrossRef]

	



Riebe, D.; Blissmer, B.J.; Greaney, M.L.; Ewing Garber, C.; Lees, F.D.; Clark, P.G. The Relationship between Obesity, Physical Activity, and Physical Function in Older Adults. J. Aging Health 2009, 21, 1159–1178. [Google Scholar] [CrossRef] [PubMed]

	



Durstine, J.L.; Gordon, B.; Wang, Z.; Luo, X. Chronic disease and the link to physical activity. J. Sport Health Sci. 2013, 2, 3–11. [Google Scholar] [CrossRef]

	



World Health Organization. Global Recommendations on Physical Activity for Health. Available online: https://www.who.int/dietphysicalactivity/physical-activity-recommendations-65years.pdf (accessed on 9 February 2021).

	



World Health Organization. What Are the Main Risk Factors for Falls Amongst Older People and What Are the Most Effective Interventions to Prevent These Falls? 2004. Available online: https://www.euro.who.int/__data/assets/pdf_file/0018/74700/E82552.pdf (accessed on 9 February 2021).

	



De La Cámara, M.Á.; Jiménez-Fuente, A.; Pardos, A.I. Falls in older adults: The new pandemic in the post COVID-19 era? Med. Hypotheses 2020, 145, 110321. [Google Scholar] [CrossRef]

	



Agmon, M.; Shochat, T.; Kizony, R. Sleep quality is associated with walking under dual-task, but not single-task performance. Gait Posture 2016, 49, 127–131. [Google Scholar] [CrossRef]

	



Miranda-Duro, M.D.C.; Nieto-Riveiro, L.; Concheiro-Moscoso, P.; Groba, B.; Pousada, T.; Canosa, N.; Pereira, J. Occupational Therapy and the Use of Technology on Older Adult Fall Prevention: A Scoping Review. Int. J. Environ. Res. Public Health 2021, 18, 702. [Google Scholar] [CrossRef]

	



Godinho, C.; Domingos, J.; Cunha, G.; Santos, A.T.; Fernandes, R.M.; Abreu, D.; Gonçalves, N.; Matthews, H.; Isaacs, T.; Duffen, J.; et al. A systematic review of the characteristics and validity of monitoring technologies to assess Parkinson’s disease. J. Neuroeng. Rehabil. 2016, 13, 24. [Google Scholar] [CrossRef]

	



Luna-Perejón, F.; Muñoz-Saavedra, L.; Civit-Masot, J.; Civit, A.; Domínguez-Morales, M. AnkFall—Falls, Falling Risks and Daily-Life Activities Dataset with an Ankle-Placed Accelerometer and Training Using Recurrent Neural Networks. Sensors 2021, 21, 1889. [Google Scholar] [CrossRef]

	



Corrà, M.F.; Warmerdam, E.; Vila-Chã, N.; Maetzler, W.; Maia, L. Wearable Health Technology to Quantify the Functional Impact of Peripheral Neuropathy on Mobility in Parkinson’s Disease: A Systematic Review. Sensors 2020, 20, 6627. [Google Scholar] [CrossRef]

	



Warmerdam, E.; Hausdorff, J.M.; Atrsaei, A.; Zhou, Y.; Mirelman, A.; Aminian, K.; Espay, A.J.; Hansen, C.; Evers, L.J.W.; Keller, A.; et al. Long-term unsupervised mobility assessment in movement disorders. Lancet Neurol. 2020, 19, 462–470. [Google Scholar] [CrossRef]

	



Yang, C.-C.; Hsu, Y.-L. A Review of Accelerometry-Based Wearable Motion Detectors for Physical Activity Monitoring. Sensors 2010, 10, 7772–7788. [Google Scholar] [CrossRef]

	



Saris, W.H.M.; Binkhorst, R.A. The use of pedometer and actometer in studying daily physical activity in man. Part I: Reliability of pedometer and actometer. Eur. J. Appl. Physiol. Occup. Physiol. 1977, 37, 219–228. [Google Scholar] [CrossRef]

	



Strain, T.; Wijndaele, K.; Dempsey, P.C.; Sharp, S.J.; Pearce, M.; Jeon, J.; Lindsay, T.; Wareham, N.; Brage, S. Wearable-device-measured physical activity and future health risk. Nat. Med. 2020, 26, 1385–1391. [Google Scholar] [CrossRef]

	



Zhou, H.; Al-Ali, F.; Rahemi, H.; Kulkarni, N.; Hamad, A.; Ibrahim, R.; Talal, T.; Najafi, B. Hemodialysis Impact on Motor Function beyond Aging and Diabetes—Objectively Assessing Gait and Balance by Wearable Technology. Sensors 2018, 18, 3939. [Google Scholar] [CrossRef]

	



Silva de Lima, A.L.; Smits, T.; Darweesh, S.K.L.; Valenti, G.; Milosevic, M.; Pijl, M.; Baldus, H.; Vries, N.M.; Meinders, M.J.; Bloem, B.R. Home-Based Monitoring of Falls Using Wearable Sensors in Parkinson’s Disease. Mov. Disord. 2020, 35, 109–115. [Google Scholar] [CrossRef]

	



Del Din, S.; Godfrey, A.; Mazzà, C.; Lord, S.; Rochester, L. Free-living monitoring of Parkinson’s disease: Lessons from the field. Mov. Disord. 2016, 31, 1293–1313. [Google Scholar] [CrossRef]

	



Rastogi, T.; Backes, A.; Schmitz, S.; Fagherazzi, G.; van Hees, V.; Malisoux, L. Advanced analytical methods to assess physical activity behaviour using accelerometer raw time series data: A protocol for a scoping review. Syst. Rev. 2020, 9, 259. [Google Scholar] [CrossRef]

	



Scheers, T.; Philippaerts, R.; Lefevre, J. Assessment of physical activity and inactivity in multiple domains of daily life: A comparison between a computerized questionnaire and the SenseWear Armband complemented with an electronic diary. Int. J. Behav. Nutr. Phys. Act. 2012, 9, 71. [Google Scholar] [CrossRef]

	



Yang, Y.; Hirdes, J.P.; Dubin, J.A.; Lee, J. Fall Risk Classification in Community-Dwelling Older Adults Using a Smart Wrist-Worn Device and the Resident Assessment Instrument-Home Care: Prospective Observational Study. JMIR Aging 2019, 2, e12153. [Google Scholar] [CrossRef] [PubMed]

	



Chen, B.; Gwin, J. Fall detection and risk of falling assessment with wearable sensors. In Proceedings of the Conference on Wireless Health—WH ’12: Wireless Health 2012, San Diego, CA, USA, 22–25 October 2012; ACM Press: New York, NY, USA, 2012; pp. 1–2. [Google Scholar]

	



Burton, E.; Hill, K.D.; Lautenschlager, N.T.; Thøgersen-Ntoumani, C.; Lewin, G.; Boyle, E.; Howie, E. Reliability and validity of two fitness tracker devices in the laboratory and home environment for older community-dwelling people. BMC Geriatr. 2018, 18, 103. [Google Scholar] [CrossRef] [PubMed]

	



O’Brien, T.; Troutman-Jordan, M.; Hathaway, D.; Armstrong, S.; Moore, M. Acceptability of wristband activity trackers among community dwelling older adults. Geriatr. Nurs. 2015, 36, S21–S25. [Google Scholar] [CrossRef] [PubMed]

	



Cadmus-Bertram, L.A.; Marcus, B.H.; Patterson, R.E.; Parker, B.A.; Morey, B.L. Randomized Trial of a Fitbit-Based Physical Activity Intervention for Women. Am. J. Prev. Med. 2015, 49, 414–418. [Google Scholar] [CrossRef]

	



Paul, S.S.; Tiedemann, A.; Hassett, L.M.; Ramsay, E.; Kirkham, C.; Chagpar, S.; Sherrington, C. Validity of the Fitbit activity tracker for measuring steps in community-dwelling older adults. BMJ Open Sport Exerc. Med. 2015, 1, e000013. [Google Scholar] [CrossRef]

	



Kim, M.; Yoshida, H.; Sasai, H.; Kojima, N.; Kim, H. Association between objectively measured sleep quality and physical function among community-dwelling oldest old Japanese: A cross-sectional study. Geriatr. Gerontol. Int. 2015, 15, 1040–1048. [Google Scholar] [CrossRef]

	



Schlomann, A. A case study on older adults’ long-term use of an activity tracker. Gerontechnology 2017, 16, 115–124. [Google Scholar] [CrossRef]

	



Steinert, A.; Haesner, M.; Steinhagen-Thiessen, E. Activity-tracking devices for older adults: Comparison and preferences. Univers. Access Inf. Soc. 2018, 17, 411–419. [Google Scholar] [CrossRef]

	



Puri, A.; Kim, B.; Nguyen, O.; Stolee, P.; Tung, J.; Lee, J. User Acceptance of Wrist-Worn Activity Trackers Among Community-Dwelling Older Adults: Mixed Method Study. JMIR mHealth uHealth 2017, 5, e173. [Google Scholar] [CrossRef]

	



Mercer, K.; Giangregorio, L.; Schneider, E.; Chilana, P.; Li, M.; Grindrod, K. Acceptance of Commercially Available Wearable Activity Trackers Among Adults Aged Over 50 and With Chronic Illness: A Mixed-Methods Evaluation. JMIR mHealth uHealth 2016, 4, e7. [Google Scholar] [CrossRef]

	



Peng, W.; Li, L.; Kononova, A.; Cotten, S.; Kamp, K.; Bowen, M. Habit Formation in Wearable Activity Tracker Use Among Older Adults: Qualitative Study. JMIR mHealth uHealth 2021, 9, e22488. [Google Scholar] [CrossRef]

	



Degroote, L.; Hamerlinck, G.; Poels, K.; Maher, C.; Crombez, G.; De Bourdeaudhuij, I.; Vandendriessche, A.; Curtis, R.G.; DeSmet, A. Low-Cost Consumer-Based Trackers to Measure Physical Activity and Sleep Duration Among Adults in Free-Living Conditions: Validation Study. JMIR mHealth uHealth 2020, 8, e16674. [Google Scholar] [CrossRef] [PubMed]

	



El-Amrawy, F.; Nounou, M.I. Are Currently Available Wearable Devices for Activity Tracking and Heart Rate Monitoring Accurate, Precise, and Medically Beneficial? Healthc. Inform. Res. 2015, 21, 315. [Google Scholar] [CrossRef] [PubMed]

	



Mičková E, Machová K, Daďová K, Svobodová I. Does Dog Ownership Affect Physical Activity, Sleep, and Self-Reported Health in Older Adults? Int. J. Environ. Res. Public Health 2019, 16, 3355. [CrossRef]

	



Tudor-Locke, C.; Craig, C.L.; Aoyagi, Y.; Bell, R.C.; Croteau, K.A.; De Bourdeaudhuij, I.; Ewald, B.; Gardner, A.W.; Hatano, Y.; Lutes, L.D.; et al. How many steps/day are enough? For older adults and special populations. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 80. [Google Scholar] [CrossRef] [PubMed]

	



Nieto-Riveiro, L.; Groba, B.; Miranda, M.C.; Concheiro, P.; Pazos, A.; Pousada, T.; Pereira, J. Technologies for participatory medicine and health promotion in the elderly population. Medicine 2018, 97, e10791. [Google Scholar] [CrossRef]

	



Miranda Duro, M.D.C.; Nieto-Riveiro, L.; Concheiro-Moscoso, P.; Groba, B.; Pousada, T.; Canosa, N.; Pereira, J. Older Adults Daily Activity and Risk of Falling in Spanish Care Facilities using Xiaomi Mi Band 2. Mendeley Data 2021. [Google Scholar] [CrossRef]

	



Mahoney, F.I.; Barthel, D.W. Functional evaluation: The Barthel Index. MD State Med. J. 1965, 14, 61–65. [Google Scholar]

	



Tinetti, M.E.; Williams, T.F.; Mayewski, R. Fall risk index for elderly patients based on number of chronic disabilities. Am. J. Med. 1986, 80, 429–434. [Google Scholar] [CrossRef]

	



EuroQol Foundation Research. EQ-5D-5L User Guide. 2019. Available online: https://euroqol.org/publications/user-guides (accessed on 9 February 2021).

	



Sleep Foundation How Much Sleep Do We Really Need? | Sleep Foundation. Available online: https://www.sleepfoundation.org/how-sleep-works/how-much-sleep-do-we-really-need (accessed on 8 March 2021).

	



I.B.M. Knowledge Center. Generalized Linear Models. Available online: https://www.ibm.com/docs/es/spss-statistics/25.0.0?topic=models-generalized-linear (accessed on 5 March 2021).

	



Paterson, D.H.; Warburton, D.E. Physical activity and functional limitations in older adults: A systematic review related to Canada’s Physical Activity Guidelines. Int. J. Behav. Nutr. Phys. Act. 2010, 7, 38. [Google Scholar] [CrossRef]

	



Sherrington, C.; Whitney, J.C.; Lord, S.R.; Herbert, R.D.; Cumming, R.G.; Close, J.C.T. Effective Exercise for the Prevention of Falls: A Systematic Review and Meta-Analysis. J. Am. Geriatr. Soc. 2008, 56, 2234–2243. [Google Scholar] [CrossRef]

	



Warburton, D.E.R.; Nicol, C.W.; Bredin, S.S.D. Health benefits of physical activity: The evidence. CMAJ 2006, 174, 801–809. [Google Scholar] [CrossRef]

	



Ambrose, A.F.; Paul, G.; Hausdorff, J.M. Risk factors for falls among older adults: A review of the literature. Maturitas 2013, 75, 51–61. [Google Scholar] [CrossRef]

	



Haines, T.P.; Lee, D.-C.A.; O’Connell, B.; McDermott, F.; Hoffmann, T. Why do hospitalized older adults take risks that may lead to falls? Heal. Expect. 2015, 18, 233–249. [Google Scholar] [CrossRef]

	



Russell, M.A.; Hill, K.D.; Blackberry, I.; Day, L.L.; Dharmage, S.C. Falls Risk and Functional Decline in Older Fallers Discharged Directly from Emergency Departments. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2006, 61, 1090–1095. [Google Scholar] [CrossRef]

	



Štefan, L.; Vrgoč, G.; Rupčić, T.; Sporiš, G.; Sekulić, D. Sleep Duration and Sleep Quality Are Associated with Physical Activity in Elderly People Living in Nursing Homes. Int. J. Environ. Res. Public Health 2018, 15, 2512. [Google Scholar] [CrossRef]

	



Zisberg, A.; Gur-Yaish, N.; Shochat, T. Contribution of Routine to Sleep Quality in Community Elderly. Sleep 2010, 33, 509–514. [Google Scholar] [CrossRef]

	



Hopman Rock, M. New Ways to Promote Physical Activity in Residential Care. J. Gerontol. Geriatr. Res. 2017, 06. [Google Scholar] [CrossRef]








[image: Sensors 21 03341 g001 550] 





Figure 1. Fall distribution and main causes. 
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Figure 2. EQ-5D-5L Descriptive system dimensions. 
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Figure 3. Associations between daily steps and level of dependency in B.A.D.L. and risk of falling. (a) it is shown the comparison of daily steps between people with risk of falling and people with no risk of falling. (b) it is shown the comparison of daily steps between dependent people and independent people. 
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Table 1. Sample main characteristics.
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	Characteristic
	N (%)/Mean (±SD)





	Age
	84 (±8.71)



	Women
	16 (51.6%)



	Residing in a nursing home
	28 (90.3%)



	Widow
	28 (83.9%)



	Overweight
	22 (71%)



	Problems of physical conditions
	17 (54.8%)



	Cognitive impairment
	20 (64.5%)



	Dependency in basic daily activities
	24 (77.4%)



	Risk of falling
	21 (67.7%)



	Take fewer than 3000 daily steps
	27 (87.1%)



	Sleep less than 420–480 daily minutes
	17 (54.83%)



	Use of mobility aids
	13 (41.9%)



	EQ-5D-5L VAS > 50
	26 (12.9%)
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Table 2. EQ-5D-5L scores.
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	EQ-5D-5L VAS
	EQ-5D-5L Index
	EQ-5D-5L Severity Index





	Mean
	69
	0.68
	22



	Standard deviation
	±15
	±0.25
	±18



	Minimum
	40
	0.03
	0



	Maximum
	100
	1
	65
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Table 3. Xiaomi Mi Band 2 parameter associations.






Table 3. Xiaomi Mi Band 2 parameter associations.





	
Dependent Variables

	
Independent Variables




	
Daily Steps

	
Daily

Distance

	
Daily Deep Sleep

	
Daily Shallow Sleep

	
Daily Total Sleep

	
Daily Awake Time at Night






	
Risk of falling

	
a **

	
a **

	
a

	
a

	
a

	
a *




	
Yes

	
720

(±480)

	
446

(±61)

	
150

(±67)

	
271

(±93)

	
360

(±118)

	
56

(±44)




	
No

	
3366 (±2139)

	
2161

(±477)

	
174

(±20)

	
303

(±83)

	
421

(±85)

	
19

(±11)




	
Level of dependency in B.A.D.L.

	
b ***

	
b **

	
b **

	
a

	
a

	
a




	
Yes

	
696

(2593)

	
449

(1651)

	
164

(180)

	
285

(385)

	
360

(533)

	
151

(17)




	
No

	
4509 (7213)

	
3008

(4817)

	
180

(149)

	
303

(252)

	
446

(141)

	
17

(41)




	
Cognitive impairment

	
a

	
a

	
b

	
b

	
b

	
a




	
Yes

	
1915 (±2048)

	
1232 (±1381)

	
174

(264)

	
308

(278)

	
390

(209)

	
46

(±42)




	
No

	
953

(±834)

	
569

(±507)

	
102

(186)

	
261

(385)

	
363

(533)

	
42

(±39)








a Student’s T test shown with Mean (Standard Deviation). b Mann–Whitney U Test shown Median (Range). p-value > 0.05 *, p-value > 0.01 **, p-value > 0.001 ***. The effect size was in contrast with Hedges’ g.
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Table 4. Associations between descriptive dimensions of EQ-5D-5L and Xiaomi Mi Band 2 parameters.






Table 4. Associations between descriptive dimensions of EQ-5D-5L and Xiaomi Mi Band 2 parameters.





	
Dependent Variables

	
Independent Variables




	
Daily Steps

	
Daily

Distance

Covered

	
Daily Deep Sleep

	
Daily Shallow Sleep

	
Daily Total Sleep

	
Daily Awake Time at Night






	
Mobility

	
b **

	
b **

	
a

	
a **

	
a

	
b




	
Any problem

	
683

(4363)

	
435

(2927)

	
147

(±68)

	
255

(±91)

	
354

(±117)

	
27

(151)




	
No problem

	
2503 (7256)

	
1654

(4849)

	
183

(±57)

	
345

(±43)

	
440

(±67)

	
22

(102)




	
Self-care

	
b ***

	
b ***

	
a

	
a

	
a

	
b




	
Any Problem

	
2339 (7256)

	
1543

(4849)

	
174

(±59)

	
317

(±61)

	
424

(±67)

	
19

(105)




	
No problem

	
519

(1774)

	
316

(980)

	
147

(±70)

	
258

(±98)

	
351

(±125)

	
27

(151)




	
Usual activities

	
a *

	
a *

	
b

	
b

	
b *

	
a




	
Any Problem

	
2435 (±2095)

	
1534 (±1442)

	
169

(247)

	
308

(224)

	
420

(307)

	
159

(±71)




	
No problem

	
864

(±1036)

	
558

(±691)

	
173

(226)

	
252

(385)

	
360

(533)

	
157

(±64)




	
Pain and discomfort

	
b **

	
b **

	
b

	
b **

	
b *

	
a




	
Any problem

	
1263 (7500)

	
799

(5021)

	
176

(264)

	
326

(215)

	
420

(294)

	
43

(±41)




	
No problem

	
661

(1774)

	
433

(914)

	
160

(209)

	
248

(385)

	
360

(533)

	
46

(±41)




	
Anxiety and/or depression

	
b

	
b

	
a

	
b

	
a

	
b




	
Any problem

	
830

(4834)

	
513

(3256)

	
159

(±59)

	
312

(346)

	
389

(±120)

	
24

(121)




	
No problem

	
751

(7796)

	
462

(5224)

	
157

(±72)

	
281

(282)

	
378

(±108)

	
27

(150)








a Student T test shown with “Mean (Standard Deviation)”. b Mann–Whitney U Test shown in the boxes with “Median (Range)”. p-value > 0.05 *, p-value > 0.01 **, p-value > 0.001 ***. The effect size was in contrast with Hedges’ g.
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Table 5. Binary regression of Xiaomi Mi Band parameters.






Table 5. Binary regression of Xiaomi Mi Band parameters.





	
Dependent Variable

	
Independent Variable

	
OR 95% CI

	
Cox and Snell R2

	
Nagelkerke R2






	
No risk of falling

	
Daily steps

	
1.004 (1.001–1.008) *

	
0.570

	
0.796




	
Daily distance

covered

	
1.006 (1.001–1.011) *

	
0.534

	
0.746




	
Daily awake time at night

	
0.913 (0.843–0.989) *

	
0.346

	
0.483




	
Independency on B.A.D.L.

	
Daily steps

	
1.001 (1.000–1.003) *

	
0.375

	
0.571




	
Distance daily

covered

	
1.002 (1.000–1.004) *

	
0.388

	
0.591




	
Daily deep sleep

	
1.014 (0.995–1.033)

	
0.124

	
0.189




	
EQ-5D-5L Mobility dimension–no problems

	
Daily steps

	
1.085 (0.926–1.272) **

	
0.411

	
0.587




	
Daily distance

covered

	
1.002 (1.001–1.004) **

	
0.420

	
0.599




	
Daily shallow sleep

	
1.024 (1.003–1.045) *

	
0.334

	
0.477




	
EQ-5D-5L Self-care dimension–no problems

	
Daily steps

	
0.998 (0.996–1.000) *

	
0.424

	
0.576




	
Daily distance

covered

	
1.088 (0.811–1.460) *

	
0.453

	
0.615




	
EQ-5D-5L Usual activities dimension–no problems

	
Daily steps

	
0.999 (0.998–1.000) *

	
0.261

	
0.349




	
Daily distance covered

	
0.999 (0.997–1.000)

	
0.233

	
0.312




	
Daily total sleep

	
0.994 (0.985–1.003)

	
0.106

	
0.142




	
EQ-5D-5L Pain and Discomfort dimension–no problems

	
Daily steps

	
0.999 (0.997–1.000)

	
0.321

	
0.428




	
Daily distance

covered

	
0.998 (0.995–1.000)

	
0.352

	
0.469




	
Daily shallow sleep

	
0.986 (0.974–0.999) *

	
0.303

	
0.404




	
Daily total sleep

	
0.993 (0.983–1.003)

	
0.225

	
0.300








OR = Odds Ratio, CI = confidence interval. Adjusted by sex, age, and body mass index. * p < 0.05; ** p < 0.01.
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Table 6. Generalized model of daily steps.






Table 6. Generalized model of daily steps.





	Predictor
	OR 95% CI





	Risk of falling
	0.312 (0.161–0.568) ***



	Any level of dependence on basic daily activities
	0.567 (0.281–1.150) *







* p < 0.05; *** p < 0.001.
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