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ARTICLE INFO                                          ABSTRACT 
 

 
 
 

Holter electrocardiography (ECG) is the most successful bio-signal monitoring during daily activities. 
There is no other example in the history of human beings that such long-term, well-standardized 
physiological data were globally corrected. To utilize this precious information resource, the 
Allostatic State Mapping by Ambulatory ECG Repository (ALLSTAR) project has started since 2007 
in Japan. The purpose of the project is to build a cumulative database of 24-h ambulatory ECG 
recorded all over Japan, which were anonymized and stored with age, sex, and recording date, time, 
and location (postal code). Tri-axial acceleration data have also been added since December 2010.At 
present, a total of 301,848 data has been collected from 140,144 males and 161,704 females, along 
with 46,114 body acceleration data. The data distributed over all ages from 0 to >100 years (median 
age [5-95 percentile range], 69 [26-87] yr), all prefectures in Japan, and all months of years. The basic 
rhythm of ECG was sinus rhythm in 253,673 (84.0%) and persistent a trial fibrillation in 17,159 
(5.7%). The analyses of the database not only provided the age and sex reference values of dynamic 
ECG, particularly the indices of heart rate variability, but also revealed the factors associated with 
their variances, including physical activities of the day and the natural and social environments of the 
place of monitoring. 
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INTRODUCTION 
 
Holter electrocardiography (ECG) is a clinical examination 
that records continuous ECG signal in freely moving subjects 
under their daily activities (Dynamic electrocardiography, 
2004; Romero, 2013). In usual 24-hexamination in adult, about 
one hundred thousand beats of ECG waveforms and interbeat 
interval time series are obtained per recording. Information 
included in each recording is huge, but only a small part of it 
has been used clinically and even in researches (Dynamic 
electrocardiography, 2004; Camm et al., 1996; Kiyono et al., 
2016).Given that Holter ECG examinations are performed 
worldwide with well-standardized quality, the entire amount of 
information left unused had been unduly extravagant. Along 
with the rapid progress in computer sciences and computation 
power, the practical utility of such big-data information 
hasbeen improving progressively (Dinov, 2016; Toga et al., 
2015). This situation may be a fortunate opportunity rarely 
seen from the viewpoint of human history, which has  
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motivated us to start a Holter ECG big data project named the 
Allostatic State Mapping by Ambulatory ECG Repository 
(ALLSTAR).The purpose of this project is to build a 
cumulative database of 24-h ambulatory ECG. The database 
would beuseful not only for determining reference values of 
the dynamic properties of ambulatory ECG, such as heart rate 
variability (HRV), but also for examining the temporal and 
topographical influences of natural and social environmental 
factors on the properties, through relating the database with 
other demographic, geographic, meteorological, and 
socioeconomic databases. In this article we report the 
characteristics of the ALLSTAR database and the recent 
studies from the project. 
 
ALLSTAR project 
 
The ALLSTAR project is performed according to the protocol 
that has been approved by the Ethics Review Committee of 
Nagoya City University Graduate School of Medical Sciences 
(No. 709). According to the Ethical Guidelines for Medical 
and Health Research Involving Human Subjects (by the 
Ministry of Education, Culture, Sports, Science and  
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Technology and the Ministry of Health, Labour and Welfare, 
Japan, December 22, 2014), the purpose and information 
utilized in this research project have been public through the 
homepages of the ECG analysis centers (http://www.suzuken. 
co.jp/product/holter/detail/) and of the ALLSTAR project 
(http://www.med.nagoya-cu.ac.jp/mededu.dir/allstar/), in which 
opportunities to refuse the uses of information are ensured for 
the research subjects. 
 
Holter ECG data 

 
The database has been consisting of 24-hambulatory ECGs that 
were recorded for some clinical purpose by medical facilities 
and were referred for analysis to three ECG analysis centers 
(Suzuken Co., Ltd.) located in Tokyo, Nagoya, and Sapporo in 
Japan. The data were anonymized by the center and stored 
with accompanying information, including age, sex, and 
recoding date, time, and location (postal code); the information 
of clinical diagnosis and medications reported by the attending 
physicians was also included, when it was available (30-40%). 
The data were recorded with the Cardy series of Holter 
recorders (Cardy 2, Cardy 2P, Cardy 203, Cardy 301,Cardy 
302 Mini and Max, Cardy 303 pico and Cardy 303 pico+, 
Suzuken Co., Ltd., Nagoya, Japan), by which 24-h multi-
channel ECG data were digitized at 125 Hz and stored in 
memory. The digitized ECG data were sent to one of the three 
ECG analysis centers, where the data were analyzed with 
Holter ECG analyzers (Cardy Analyzer05, Suzuken Co., Ltd., 
Nagoya, Japan) by skilled medical technologists; the temporal 
positions of all R-waves were detected, the rhythm annotations 
were given to all QRS complexes, and all errors in automated 
analysis were corrected manually by the technologists. The 
suspicious outcomes of the analysis (approximately 40% of 
data) have been reviewed by contracted cardiologists. 
 
Acceleration data 
 
After December 2010, along with the introduction of new 
Holter recorders with tri-axial accelerometers (Cady 303 pico 
and pico+), 24-h body acceleration data have also been 
recorded with ECG data.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For these data, the mediolateral, anteroposterior, and 
longitudinal acceleration signals were digitized at 31.25 Hz 
and stored. 
 
Database 

 
From the results of analysis, beat-to-beat time series of the 
following information for the entire recording length (usually 
for 24 h) have been stored in the database: (1) times of all R 
waves after the start of recoding in ms, (2) R-R intervals in ms, 
(3) rhythm annotation labels of all QRS complexes, and (4) ST 
levels following the QRS complexes for channels 1 and 
2.Together with these beat-to-beat time series data, entire 24-h 
tri-axial acceleration data and accompanying information have 
been stored into the database. 
 
Characteristics of ALLSTAR database 

 
Since November 2007, a total of 301,848 analyzable ECG data 
together with accompanying information have been collected 
and stored in the database. The data distributed over all ages 
from 0 to >100 years (median age [IQR, 5-95 percentile 
range], 69 [57-78, 26-87] yr) for both sexes. The gender 
distributions were 140,144 men (age, 68 [56-77, 23-86] yr) and 
161,704 women (70 [58-79, 28-88] yr). Among these ECG 
data, 46,114 (20,694 men and 25,420 women) were 
accompanied by body acceleration data. “Sinus rhythm” 
indicates data with sinus rhythm >80% of the total recorded 
beats; “Other frequent (>20%) arrhythmias” indicates data 
with frequent (>20% of the total recorded beats) arrhythmias 
(paroxysmal atrial fibrillation, atrial flutter, and ventricular and 
supraventricular ectopic beats). Fig. 1 shows data distributions 
by 5-yr bin of age in male and female subjects separated by 
basic cardiac rhythms. For both genders, the data distributed to 
all ages, while they were concentrated between 60 to 85 yr old. 
Basic cardiac rhythm was sinus rhythm (defined as >80% of all 
recorded beats are in sinus rhythm) in 253,673 (84.0%) 
subjects (113,341 [80.9%] men and 140,332 [86.8%] women). 
Persistent atrial fibrillation was detected in 17,159 (5.7%) of 
the total subjects; 10,631 (7.6%) men and 6,528 (4.0%) 
women. Other frequent (>20% of total recorded beats) 

 
 

Fig. 1. Age distributions of male and female subjects by basic cardiac rhythms 
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arrhythmias, which included paroxysmal atrial fibrillation, 
atrial flutter, and ventricular and supraventricular ectopic 
beats, were detected in 29,078 (9.6%) of the total subjects; 
15,264 (10.9%) men and 13,814 (8.5%) women. The number 
of data from 47 prefectures in Japan (left panel) and those in 
each month (right panel). The green bars in the right panel 
indicate the number of 24-h ECG data and overlapping dark-
green bars the number of body acceleration data. Fig. 2 shows 
the geographic and temporal distributions of data. Collected 
data distributed over all prefectures of Japanand all months of 
year. After December 2010, acceleration data have also been 
collected with ECG data.The data collections will continue in 
the future, and >50 thousand 24-h ECG data are added 
annually. To our knowledge, there is no well-standardized 
database of continuous physiological signals of this size. 
 
Studies from ALLSTAR project 

 
Reference values for HRV indices: The analysis of HRV 
from24-h Holter ECG is widely used for delineating the 
diurnal variations of autonomic neural functions under daily 
activities(Hayano, 2016)and for predicting the risk of adverse 
cardiovascular events(Watanabe et al., 2016)in patients after 
acute myocardial infarction(Bauer et al., 2006; Bigger et al., 
1992; Hayano et al., 2017a; Huikuri et al., 2000; Kleiger et al., 
1987; Schmidt et al., 1999), those with chronic heart 
failure(Hayano et al., 2017a; Kiyono et al., 2008), and 
hemodialysis patients with end-stage renal failure(Fukuta et 
al., 2003; Hayano et al., 2017a; Suzuki et al., 2012). These 
parameters are not estimated reliablyby other 
methods(Dynamic electrocardiography, 2004; Camm et al., 
1996).HRV indices from Holter ECG, however, are known to 
show both large inter-individual differences(Stuckey et al., 
2014)and substantial intra-individual changes due presumably 
to day-to-day differences in physical activities and 
environmental factors(Buteau et al., 2016; Huang et al., 2015; 
Ren et al., 2011). As the result, reliable reference values for 
the HRV indices are still lacking (Bauer et al., 2017; Sammito 
et al., 2016). The ALLSTAR database may be useful for 
resolving this situation(Hayano et al., 2018a; Hayano et al., 
2017b; Yuda et al., 2018). Fig. 3 is the results of a 
study(Hayano et al., 2018a) reporting age-dependent changes 
in HRV indices in male and female subjects in the ALLSTAR 
database. Data were extracted uniformly for all ages from 0 to 
100 yr old (100 subjects per 5-yr strata for each sex) from 
those with Holter ECG showing normal sinus rhythm for 
>80% of 24 h without ECG findings suggesting abnormal 
conduction or myocardial ischemia. The results indicated that 
the patterns of age dependency are not uniform but differ 
among HRV indices and that they are not linear, suggesting the 
necessity of nonlinear models for adjusting the effect of age in 
statistical analyses. The observed value of an HRV index 
during daily life, however, is the result that true reference 
value was modified by responses to stimuli that are determined 
by daily activities and responsiveness of HRV; all of which 
could be affected by age. To examine this hypothesis, the 
ALLSTAR database was analyzed for the relationship between 
individual basal heart rate (HR), minimum HR of the day, and 
24-h average HR, assuming basal HR as individual reference 
HR(Hayano et al., 2017b). As shown in Fig. 4, basal HR 
decreased until 20 yr and it increases slightly thereafter with 
advancing age in both sexes. The difference between 24-h 
mean and basal HR decreased linearly with advancing age. The 
averages of clock times to reach basal HR were observe 
between 02 and 05 h, although the distribution was wide for 0-

4 yr and for over 80 yr old (Fig. 5). If basal HR can be 
assumed as individual reference HR, these observations 
indicate that age-dependent decline in 24-h mean HR after 20 
yr is attributable to age-dependent decrease in HR responses to 
daily stimuli. Additionally a recent study(Yuda et al., 2018) 
from the ALLSTAR project reported the time when basal HR 
occurs among subjects grouped by sleep time in the day. The 
study showed that the time of basal HR is affected by the time 
of sleep only slightly; basal HR occurred at 01:30, 02:35, and 
03:18 for daytime, evening, and nighttime sleepers, 
respectively. Along with the widespread use of wearable 
sensors, the HR becomes available in real time and is often 
used as an index of physical and mental responses and 
stresses(Ho et al., 2014; Khan et al., 2015). Give the inter- and 
intra-individual differences in HR, individual reference value 
is required to interpret HR data appropriately. These studies 
from the ALLSATR project suggest that basal HR seems the 
most promising candidate for this purpose. Similar analyses 
seem desirable for each index of HRV. 
 
Influences of physical activity (PA) on HRV: Increase in PA 
is an important life style modification for preventing 
cardiovascular diseases (Fletcher et al., 1996; Thompson et al., 
2003), but PA itself is known to decrease HRV(Hayano et al., 
1994; Yamamoto et al., 1991). Because high HRV is related to 
low mortality risk among cardiovascular patients (Kleiger et 
al., 1987; Watanabe et al., 2016), it is a paradox why both 
increased PA in daily life and increased 24-h HRV can be 
associated with low mortality risk. The simultaneous records 
of ECG and acceleration in the ALLSTAR database were 
perfect for answering this question. In 21,682 male and 29,446 
female subjects with ECG and acceleration data, the 
relationships between the standard deviation of normal-to-
normal R-R intervals during 24 h (SDNN) and PA levels 
during four time zones (daytime, evening, nighttime, and early 
morning) of the day were examined(Hayano et al., 2018b). As 
shown in Table 1, SDNN was associated most strongly with 
daytime PA in both sexes after adjusting for the effect of age. 
This result suggests that the higher the level of daytime PA 
contributes to increase SDNN by increasing the contrast of R-
R intervals between daytime and nighttime. Another paradox 
of HRV is the association between decreased low-frequency-
to-high-frequency ratio (LF/HF) of HRV and increased 
mortality risk among cardiac patients. Because LF/HF has 
widely been used as an index of sympathetic predominance 
(Camm et al., 1996; Malliani, 1999; Pagani et al., 1986), its 
increase is expected to be associated with adverse prognosis in 
cardiovascular disease. But the fact is the opposite; decrease 
rather than increase in LF/HF is associated with increased risk 
of mortality in patients after acute myocardial infarction 
(Huikuri et al., 2000; La Rovere et al., 1998; Tsuji et al., 
1994)and those with end-stage renal disease(Suzuki et al., 
2012). This paradox was also resolved by a study of the 
ALLSTAR database, which revealed that the LF/HF of 24-h 
HRV is correlated negatively with the ratio of lying positions 
during the day(Yoshida et al., 2016). This is because LF/HF 
increases with standing (Hayano, 2016; Hayano et al., 2001; 
Pagani et al., 1986) and thus, it tends to be low in patients who 
need to spent more time in lying positions. 
 
Natural and socioeconomic environments: Healthy life 
expectancy (HALE) is defined as the period in the life when 
people might live without restriction of their daily activities 
due to health problems. As the elderly population rapidly 
advances, the reduction of the gap between HALE and the  
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Fig. 2. Geographic and temporal distribution of ALLSTAR data 
 

 
DC = deceleration capacity, HF = power of high frequency component, HR = 24 h mean heart rate, LF = power of low frequency component, SDNN = 
standard deviation of 24-h normal-to-normal (NN) R-R interval, ULF = power of ultra-low frequency component, VLF = power of very low frequency 
component. 
 

Fig. 3. Age-dependent changes in HRV indices in samples extracted from the ALLSTAR database (From reference(Hayano et al., 
2018a)) 

 

                                  
 

Fig. 4. Basal HR(left panel) and the difference of 24-h mean HR from the basal HR(right panel) in subjects with sinus rhythm 
(113,341 men and 140,332 women) from the ALLSTAR database (from reference(Hayano et al., 2017b)) 
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Table 1. Regression models of SDNN by age and physical activity (PA) in different time zones of the day 
 

 Explained variance, % Regression coefficient (SE) F (5,1) P 

Male     
Age 0.57 −0.23 (0.02) 125.8 <.0001 
PADT 7.63 1.49 (0.05) 861.7 <.0001 
PAEV 0 0.05 (0.07) 0.5 0.4 
PANT 0.24 −0.82 (0.11) 57.8 <.0001 
PAEM 0.37 0.43 (0.04) 108.9 <.0001 
Female     
Age 0.51 −0.22 (0.02) 191.7 <.0001 
PADT 7.43 1.64 (0.05) 1057.9 <.0001 
PAEV 0.05 −0.26 (0.07) 14.7 0.0001 
PANT 0.51 −1.95 (0.14) 196.2 <.0001 
PAEM 0.41 0.48 (0.04) 139.3 <.0001 

PADT, PAEV, PANT, and PAEM indicate PA in daytime (09:00-17:00), evening (17:00-24:00), nighttime (00:00-06:00), and early morning (06:00-09:00), 
respectively (from reference(Hayano et al., 2018b)). 

 

 
Fig.5. Distributions (mean and SD) of clock time to reach basal HR in subjects with sinus rhythm from the ALLSTAR database 

(from reference(Hayano et al., 2017b)) 
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Fig. 6. Mean HR and SDNN in the tertiles of inter-prefecture rankings of healthy life expectancy (HALE) and average life 
expectancy (ALE) in each sex (from reference(Yuda et al., 2017a)) 
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average life expectancy (ALE) is an important change to 
mankind. In order to address to this problem effectively, 
however, it seems important to clarify the biological properties 
that determine HALE separately from ALE. The ALLSTAR 
database has been used for addressing this issue(Yuda et al., 
2017a; Yuda et al., 2017c).While HALE of Japanese men and 
women are 71.19 and 74.21 yr, respectively (the Japanese 
Ministry of Health, Labour and Welfare, 2013), it differs 
among prefectures (differences between longest and shortest 
prefecture are 2.79 and 2.95 yr for men and women, 
respectively). This regional difference may provide a clue to 
explore the factors associated with the shortening of HALE. To 
examine this possibility, the reginal difference in HALE was 
compared with the regional difference in HRV indices using 
the data of subjects aged >20 yr with sinus rhythm in the 
ALLSATR database(Yuda et al., 2017a). As shown in Fig. 6, 
SDNN increased progressively from short to long HALE areas 
for both sexes, while no consistent associations was observed 
between mean HR and HALE tertiles in either sex. 
Conversely, mean HR decreased progressively from short to 
long ALE areas in women, while mean HR in men and SDNN 
in both sexes showed no consistent association with ALE 
tertiles. These findings suggest that HR and HRV may involve 
differently in HALE and ALE and that HRV may reflect a 
biological property relating to long HALE. Finally, the 
ALLSTAR database was also combined with meteorological 
database in a study examining the effect of sunshine hours 
during the day on the circadian rhythm of HR(Yuda et al., 
2017c). Skylight is abundant of blue wavelength light which 
stimulates arousal functions through non-image-forming 
function of the eyes(Berson et al., 2002; Yuda et al., 
2017b).The study revealed that longer sunshine hour increased 
daytime HR and day-night HR difference even after adjusting 
for the effects of average temperature, atmospheric pressure, 
and humidity, which supports the hypothesis that longer 
sunshine hours enhance circadian rhythm of HR. 
 
Conclusion 

 
Holter ECG is bio-signal monitoring during daily activities 
performed worldwide with well-standardized quality. To build 
a cumulative database of 24-h ECG and acceleration data, 
ALLSTAR project has started in Japan since 2007. The 
analyses of ALLSTAR database not only provide the reference 
values for dynamic ECG, particularly for HRV indices, but 
also revealed the underlying determinants of the variances in 
observed values. The database would provide information for 
the associations between the physiological measures under 
daily activities and anthropological and environmental 
parameters by being linked with other demographic, 
geographic, meteorological, and socioeconomic databases, 
which will increase the value of Holter ECG monitoring for 
health care and studies in a plenty of fields. 
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