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ABSTRACT

Japan is leading the super aging society. The proportion of people over 65 years old is more than 25 % in 2015 and will be 40% in 2050. The combination of aging society and nuclear family result in the increase of the cases of solitary death in Japan. Being a solitary death is a substantial public health issues since it impair human dignity at the end of the life. In this study, we tried figure out the best prediction of risk factors for solitary death by using the new database system, Kyoto, Japan. A case series study was analyzed to identify characteristics of solitary death versus non-solitary death for people who died unexpectedly and under investigation in forensic department, Kyoto, Japan since 2012 to 2015. Screening was performed for 1089 deceased and 694 were included in the study. The dichotomous outcome was whether the deceased was performed cardiopulmonary resuscitation by ambulance when they were found. Simultaneous multivariate logistic regression was used to perform statistical analysis by SPSS software. As a result, in this model, three predictors were significant, living alone (OR =9.468, 95% CI 5.67 to 15.82, p < .001), presence of psychiatric disease (OR = 0.49, 95% CI 0.27 to 0.87, p=0.015) and recent complaint of physical deconditioning (OR = 0.46, 95% CI 0.27 to 0.76, p=0.03). Other risk factors such as, gender, smoking habit, alcohol dependent, presence of relatives, socioeconomic status were not statistically significant in the model. There were not so many models available to predict solitary death in Japan. This study was the first study reveals the magnitude of each risk factor. The contribution in public health will be significant because it is expected to inform preventative strategies at both an individual and population level.
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[bookmark: _Toc311470763]INtroduction
Japan, which has one of the highest levels of population longevity, is also facing the challenge of an aging society. In addition to the nation’s population longevity, Japan’s low birth rate also accelerates the graying of its society. Government statistics shows that in 2013 one fourth of Japan’s population was over 65 years of age. Recent predictions indicate that by 2060, two fifths of the population will be over 65 year-old, and one fourth will be over 75 years-old (Ryuichi, 2011). This situation places a substantial burden on the economic and social resources of Japan. (Communication, 2013). 
In addition, the number of nuclear families is increasing. A nuclear family is a family group consisting of a pair of adults and their children. As a result of these changes, an alarming effect has taken place on the behavior of elderly. According to the Japanese ministry of health, the number of people per household was 5.0 on average in 1953. That average has declined constantly to 2.3 in 2015. Especially in large cities, such as Tokyo and Osaka, the average number is below 2.0 (Ministry of Health, 2015). This situation may give rise to the isolation of the elderly. 
Although most of the elderly people live in contentment regardless of the accelerating aging society, the risk of solitary living becomes an issue, which cannot be ignored. For example, solitude may lead to a solitary death in Japan, with an ever burden increasing on Japanese society (Kenji, 2010).
According to the Ministry of Health, solitary death is defined as “people who died alone in their home, who died without going hospitals, and were not discovered for a while”. With this recently evolving societal health problem, there has been a lack of investigation as to the identifying the risk factors most closely associated with solitary death in Japan. The problems of these cases of solitary death are not only impairing the dignity of the deceased, but are also damaging to social and economic resources (Inai, 2008). 
In this paper, we report the social and clinical determinants in solitary death cases by using a newly developed database in the forensic department of Kyoto Prefectural University of Medicine.
[bookmark: _Toc311470764]Background
Vital statistics are one of the columns for national surveillance, which consists of birth, death, marriage, and divorce certificates. Some research studies are conducted based on the information not only for cancer prevention, lifestyle diseases, and vaccination, but also on social factors related to criminal death, unexpected death and solitary death, derived from vital statistics. For politicians, these statistics are important for policy making in the fields of health and welfare, and for predicting future demographic trends.
Investigation of unexpected death is one of the important pieces of vital statistics. It is crucial to identify the risk factors regarding social, economic, ethnic and clinical aspects from these cases. However, according to the Society of Japanese forensic medicine, the position of forensic physician is one of the least popular departments of medicine in Japan. There are only 150 forensic pathologists in Japan (MEXT, 2013). Regardless of the importance to solve criminal cases or determine clinical diagnoses among unexpected cadavers, the lack of forensic physicians may lead to misdiagnoses of postmortem investigations. Especially in Japan, where the statistics of cause of death are not likely to be reliable, the forensic department has been under equipped and under difficult circumstances (Ikegaya, 2014).  
Ylikoji pointed out the importance of financial support by the government to make forensic departments sustainable (Ylijoki-Sorensen et al., 2014). In Japan, forensic pathologists are thought as one of the lowest-paying jobs among physicians. The modest salary comes partially from the small budget, and relatively few positions are available. These facts result in the few numbers of physicians who work in forensic departments.
[bookmark: _Toc311470765]Death Investigation in Japan
Compared to USA and most western countries, where both police officers and coroners conduct death investigations together, the Japanese death investigation system is primarily governed by police. Once an unexpected death has been discovered, police decide whether the cadaver requires farther investigation from a criminal point of view. Therefore, for most of the unexpected death cases, which do not seem to be criminal, police do not seek to investigate from a medical point of view. In some criminal cases, it is impossible to evaluate whether the cadavers are related to a crime by investigating circumstances of the scene and those outside of the body. Ikegaya indicates this investigation system can be misleading in both criminal and medicolegal cases (Ikegaya, 2014).
At the same time, from a demographic and statistical point of view, it is also crucial to evaluate these cases from a medical point of view. Among the 170,000 annual unexpected deaths investigated by Japanese police (14 % of all annual deaths in Japan), only 11% of these (19,000 cases), had autopsies performed by forensic physicians. Iwase reported that most of the causes of death in the uninvestigated cases were diagnosed as suicide or sudden cardiac death, but there is no way to reconfirm the diagnoses in these cases (Iwase, 2007).
[bookmark: _Toc311470766]Increase of Solitary Death in Japan
As described above, solitary death is defined as “people who died alone in their home, who died without going hospitals, and were not discovered for a while”. The application of this definition is not universal, for example, a Tokyo medical examiner defined solitary death as people who live alone and died in their home (Yoshifumi, 2005). 
On the other hand, a recent report shows that there is a different aspect of solitary death in Japan. Recently, even if people lived with their family, some deceased individuals may have not been found for several hours to several days since they died (Natsuki, 2014). The causality is still unknown, however, the shortage of communication between the deceased and the family contribute to the cause of solitary death in these cases. 
There are limited statistics related to solitary death in Japan. This is because of the lack of surveillance system in unexpected death cases. In Tokyo, where one of the medical examiner systems exists, published the data related to solitary death in 2005 indicated the number of solitary deaths was 9 cases per every 1000 people who living alone (Masafumi, 2005). 
[bookmark: _Toc311470767]Potential Risk Factors to Solitary Death in Japan
There are several known factors of solitary death. Kanawake et al. reported that isolation, male sex, loss of communication with neighbors, and age are considered as risk factors of solitary death (Yoshifumi, 2005). One study estimated the number of solitary deaths in Japan is about 15,000 in 2010 (Kenji, 2010). In this study, the authors referred to self-neglect as a risk of solitary death. People who do not intend to contact with neighbors, social service, welfare, and medical services were regarded as a self-neglect (Kenji, 2010). 
Shibukawa et al reported multiple risk factors of solitary death in their research of 147 cases solitary death (Shibukawa, 2012). In their report, low physical activity, living solitary, non-communicable disease, psychiatric disease, low communication with neighbors, low economic status, and the lack of presence of relatives were all listed as risk factors for solitary death.
A review of the research literature fails to identify any study that has investigated, in an organized and systematic way, the risk factors associated with solitary death in Japan. Additionally, no study quantifies the magnitude of each risk factor for solitary death in Japan. It seems difficult to deal with the phenomenon without precise statistics.
Japan, whose aging society is accelerating rapidly, also faces a problem of caring for an increasing elderly population with ever dwindling workforce. No other country faces the magnitude of such a societal health circumstance, and therefore, Japan may have to answer this question without precedent.


[bookmark: _Toc311470768]objective
The long-term goal of this research is to reduce the incidence of solitary death due to the social, economical and medical disparities in Japan. The objective of this study is to clarify the relationship between the solitary death and social, and clinical determinants. As we previously described, there are several suspicious factors related to solitary death. However, few of them quantified the magnitude of these risk factors to solitary death by statistical analysis. The objective of this project is to clarify the contribution of possible risk factors of solitary death and assess the statistical significance of each risk factor in order to build an appropriate prevention strategy for solitary death and reduce the number of solitary death in the future.
We will test our hypothesis and achieve our objective by pursuing the following specific aims:
Aim 1: Determine the social factors associated with an increased risk of solitary death. We hypothesized that the risk of solitary death is different in people who have social risk factors such as low SES, low ADL, and lack of presence of relatives compared with people who do not have social risk factors.  
Aim 2: Determine the demographic factors associated with increased risk of solitary death. We hypothesized the risk of solitary death differs by gender and by age.  
Aim 3: Determine the clinical risk factors associated with increased risk of solitary death. We hypothesized the risk of solitary death is different in people who have clinical risk factors, such as psychiatric disease, non-communicable disease and recent complaint of physical deconditioning, compared with people who do not have clinical risk factors. We will establish this association using a multivariate logistic regression analysis of the Kyoto Prefectural University of Medicine Examination dataset, recorded in the years between 2012 and 2014.
Only few studies are available to estimate the risk factors of solitary death in Japan. The contribution will be significant because it is expected to inform preventative strategies at both an individual and population level. Once this association is established, the number of solitary deaths within the at-risk population may decline over time. The public health importance of this study is to recognize the unknown causalities between possible risk factors and solitary death, improve the quality of life of individuals who have possible solitary death risks, and reduce the quality-adjusted life year by protecting people from unexpected and undesired death.


[bookmark: _Toc311470769]method 
[bookmark: _Toc311470770]Study Design
A case series study was conducted for people who died unexpectedly and under investigation in forensic department, Kyoto, Japan since 2012 to 2015. Because the national report shows that there are only several thousand solitary death cases in Japan, it is costly and challenging to conduct a cohort study. Conducting a randomized clinical trial (RCT) is not also feasible. The first reason is that the risk factors are still unknown to randomize the participants. The second reason is that the outcome is death, therefore it is not ethical to conduct a RCT.
The data is unlinkable anonymised from Kyoto Prefectural University of Medicine. All the autopsy cases and postmortem imaging cases are included in this data. The data do not contain any information of living people. 
[bookmark: _Toc311470771]Setting
This study was conducted at the forensic department of Kyoto Prefectural University of Medicine. All the cases of solitary death that were investigated by the department during February 2012 and Dec 2014 were included. 
The dependent variables and all the independent variables were collected in the police investigation and interpreted by board certified forensic pathologists and board certified emergency physicians.
	In Japan, where the total of board certified forensic pathologists numbers around 100, the forensic departments are under equipped. Forensic case data typically exists only as paper documents, and a digital data system has not been developed by most of the universities.
Since 2012, the project to develop the database system to record the characteristics of autopsy cases has started in the forensic department at Kyoto Prefectural University of Medicine. The database records contain not only the demographic, clinical and pathological information of the autopsy cases, but also facilitates the pathology staff’s efficiency of collaboration and sharing of information. This system enables researchers to perform a relatively large study regarding unexpected death cases in Kyoto. In this study, all the data was derived from this database with unlinkable anonymised status.
[bookmark: _Toc311470772]Participants
[bookmark: _Toc311470773]Ascertainment of outcome variable
In this study, we define the solitary death as “people who died alone and had not been found for more than several hours” to include the cases, who lived with their family but do not have any contact with them as we described above. The presence of solitary death was used as a dependent variable. In Japan, ambulance services make a decision of transportation for cardiopulmonary (CPA) cases based on strict criteria. When they find the subject is under CPA status, if the subject meets all of following conditions, they do not transport the patient: the patient is totally unconsciousness, no sign of respiration for more than 30 seconds, no sign of pulse at the common carotid artery for more than 30 seconds, absence of light reflex, state of feeling cold, and the appearance of rigor mortis or postmortem lividity. Generally, the rigor mortis or postmortem lividity appears 1-2 hours after a person has died. Therefore, as the deceased met the criteria and the ambulance did not transport them, we regard them as a solitary death case.
Postmortem change has a large variability due to the climate, physique, medical history, circumstances, and causes of death as time goes by. Therefore, it is reasonable to utilize the status of ambulance transportation as a dependent variable.
[bookmark: _Toc311470774]Data Source 
All the data sources were based on the information from the police investigation. Investigations of unexpected death cases are conducted by police who specialize in such work, thereby minimizing information bias. Certified forensic pathologists and certified emergency physicians in Kyoto Prefectural University of Medicine carefully reviewed the information and reported each variable. All the cases delivered to the department in the study duration were included and analyzed to reduce the selection bias. 
[bookmark: _Toc311470775]Eligibility criteria
In this study, we included the subjects whose name, age and gender were identified and found dead at home. Subjects under age 18 were not included because they are under the responsibility of a guardian. If the cause of death is related to criminal cases, suicide, fire, automotive accidents, or drowning, these cases were excluded because the solitary death was defined as the death due to the lack of social connection and did not meet the definition.
[bookmark: _Toc311470776]Ascertainment of independent variables
We defined independent variables as age, gender, smoking, alcohol addiction, non-communicable diseases, psychiatric diseases, presence of relatives, solitary, activity of daily living (ADL), socioeconomic status, and recent complaint of physical deconditioning. If the police investigation lacks the information, forensic physicians request police provide additional information to investigate. 
Age, gender, and presence of relatives were identified from the information obtained from the census register.  The presence of alcohol addiction, smoking, ADL, psychiatric disease, non-communicable disease, and recent complaint of physical deconditioning was estimated assessing information from the subject’s family doctor, neighbors, relatives, and the police investigation. If the deceased was on welfare, socioeconomic status was defined as low. Solitary life was reported based on the police investigation. 

[bookmark: _Toc311470777]Quantitative Variable
Age is categorized into two classes. According to the Tokyo Kansatu Imuin, the risk of people who died solitary increase after 55 years old. Therefore, we decide the cutoff point of age as 55 years (Masafumi, 2005).
 	Activity of daily living was also reported in the study. The data was categorized into three groups due to the objective information based on the police investigation. Group 1 included the people with no apparent physical disability, and group 3 consisted of people who had severe disability or bedridden. Others, such as people who ambulated with assistive devices, such as crutches or wheelchairs, were categorized as group 2. The ADL variable was checked to for linearity by loess smooth model after conducting the multivariate logistic regression.
[bookmark: _Toc311470778]Statistical Methods
Simultaneous multivariable logistic-regression models were prepared to estimate the risk of solitary death associated with potential predictors, including social variables and clinical variables such as smoking and non-communicable disease exposure. Inclusion of variables in the models was based on existing knowledge of risk factors for solitary death.
Prior to conducting the multivariate logistic regression model, categorized nominal data were compared by the X2 test in order to evaluate the characteristics of the data. If any expected cell values were less than 5, the Fisher exact test was used. Univariate logistic regression for independent variables was also conducted to estimate the crude odds ratio for each variable.
Research data were analyzed after entry in SPSS version 22 software (made by IBM corporation, USA) using Chi-squared test, binary logistic regression, missing data imputation, and ROC test.
[bookmark: _Toc311470779]Multivariate Logistic Regression
As previously described, Simultaneous Multivariate Logistic regression was conducted instead of building a best prediction model. This is because the purpose of this research was to reveal the causality between each risk factor and solitary death and measure their contribution rather than to figure out the best subset of prediction.
	We followed standard methods to estimate sample size for multivariate logistic regressions, with at least ten outcomes needed for each included independent variable. We required 110 cases in the smaller group of dependent variables to appropriately perform multivariate logistic regression with eleven independent variables. 
Multicolineality was assessed by VIF methods. If the VIF is more then 10, we decided to drop out the variants. After conducting the multivariate regression model, all the interaction terms was analyzed. We regarded the interaction terms significant if the p-value is less than 0.01.
For the quantitative variable, to assess whether the dependent variable was linear in the logit, one method, as proposed by Hosmer and Lemeshow, was used: loess (locally weighted least squares) smoothing curves.
The confounding effect of all covariates not in significant interaction terms in the full model was assessed, followed by assessing the adjustment when each covariate was added to the model. (Lemeshow & Hosmer, 1982) If the change of effect in one covariate after adding another covariate was more than 20%, we concluded that there was a confounding effect. We looked for a subset of independent variables for which the model gave roughly the same parameter estimates for perceived patient demand and the significant interaction terms, but with narrower confidence intervals.
We assessed the optimal cut off value by using Receiver Operating Characteristics (ROC) and Kullback-Leibler distance. We evaluated the accuracy of this model by using the area under the (ROC) curve and we looked for the optimal cutoff point to minimize the false negative.
[bookmark: _Toc311470780]Missing Data
In this study, we hypothesized that the missing data is at random (MAR). We use multivariate imputation by SPSS. We made the 10 subsets of data. Each appropriately substituted data was analyzed. Finally all the estimated results were pooled and used to calculate the odds ratio and its standard error.

[bookmark: _Toc311470781]Results
[bookmark: _Toc311470782]Participants
[image: ]
[bookmark: _Toc311209373]Figure 1. Flow chart identifying all cases of solitary death and all cases of non solitary death in individuals aged over 18 years between 2012 and 2014.

Fig 1 shows the number of participants after inclusion and exclusion was applied. In this study, 1041 cases were detected during the study duration on the forensic database and 694 cases were included to the study. Among these 1041 eligible cases, 347 cases were excluded because of the specific cause of death or high possibility of the criminal case. Finally, 694 cases were included. In these cases, 111 cases were non-nonsolitary death while 583 cases were solitary death, which met the criteria of the ambulance service and not transported.
[bookmark: _Toc311470783]Descriptive data
Table 1 shows the characteristics of the data. In the demographical data, about 70% of the cases were men, and 72 % were aged 55 years or older. As social risk factors, cases living alone and on welfare were 70% and 20%, respectively. The proportion of clinical risk factors such as psychiatric disease, alcohol addiction, smoking and non-communicable disease are 21, 21, 45, and 33%, respectively. More than 85% of cases were physically normal.
	In independent variables of non-communicable disease, smoking, and recent complaint of physical deconditioning, the number of missing values was over 100 and the proportion was 14.8%, 32% and 16% respectively. 



[bookmark: _Toc311209370]Table 1. Comparisons between transported and non-transported 
Figures are numbers (%) unless stated otherwise.
	
	

	
	Total 
	Solitary death
	Non solitary death
	p value
	

	
	
	
	
	
	

	Demographic
	
	
	
	
	

	   Age <55
	505(72.8)
	422(72.4)
	83(74.8)
	0.604
	

	   Men
	480(69.0)
	412(70.7)
	68(61.3)
	
	

	
	
	
	
	
	

	Circumstances
	
	
	
	
	

	  Living Alone
	483(69.6)
	455/583(78)
	28/111(25.2)
	<0.001
	***

	   On welfare
	134/650(20.6)
	125/542(23.1)
	9/108(8.3)
	0.001
	**

	  No relatives
	68/607(11.2)
	64/499(12.8)
	4/108(3.7)
	0.006
	**

	
	
	
	
	
	

	Medical History
	
	
	
	
	

	 Psychiatric disorders
	137/648(21.1)
	107/538(19.9)
	30/110(27.3)
	0.084
	

	   Alcohol addiction
	133/610(21.8)
	118/512(23)
	15/98(15.3)
	0.089
	

	   NCD
	195/591(33)
	158/492(32.1)
	37/99(37.4)
	0.310
	

	   Smoking
	211/472(44.7)
	187/401(46.6)
	24/71(33.8)
	0.045
	*

	  Recent physical deconditioning
	188/581(32.4)
	137/480(28.5)
	51/101(50.5)
	<0.001
	***

	
	
	
	
	
	

	ADL
	n=668
	
	
	
	

	  low
	15(2.2)
	10(1.8)
	5(4.7)
	
	

	  mid
	84(12.6)
	73(13)
	11(10.4)
	
	

	  high
	569(85.2)
	479(85.2)
	90(84.9)
	
	

	
	
	
	
	
	

	*p<0.05, **p<0.01, ***p<0.01
NCD = non communicable disease;
	

	
	


[bookmark: _Toc311470784]Outcome data
Appendix A shows the multicolinearity of covariates. According to this analysis, all of the VIF is less than 10. We conclude that there is no evidence of multicolinearity.  
[bookmark: _Toc311470785]Main Results
A simultaneous logistic regression analysis was performed on giving presence of transportation by ambulance service as outcome and 11 predictors: age, sex, living alone, welfare using, presence of relatives, psychiatric disease, NCD, alcohol addiction, smoking, and ADL. The dependent variable was dichotomized into 2 levels (cases with or without transportation). There were 2 levels of independent variables (no, yes) except three types of ADL (group1 is high, group 2 is middle and group 3 is low).  Table 2 shows the results of simultaneous logistic regression.
[bookmark: _Toc311209371]Table 2. Predictors of Solitary Death in Kyoto, Japan, n=694
	Variable
	 Crude OR(95% CI)
	Significance
	
	Adjusted OR
(95% CI)
	Significance
	

	Demographics
	
	
	
	
	
	

	  Men
	1.52(1.00 to 2.32)
	.050
	*
	1.07(0.646 to 1.78)
	.786
	

	  Age >55
	0.88 (0.55 to 1.41)
	.604
	
	0.61(0.35 to 1.09)
	.093
	

	
Circumstances
	
	
	
	
	
	

	   Living alone
	10.53 (6.58 to 16.88)
	.000
	***
	9.47 (5.67 to 15.82)
	.000
	***

	 No relatives
	0.24 (0.09 to 0.67)
	.007
	**
	0.62(0.20 to 1.97)
	.419
	

	   On welfare
	3.08 (1.52 to 6.23)
	.002
	**
	1.67(0.73 to 3.83)
	.225
	

	
	
	
	
	
	
	

	Medical history
	
	
	
	
	
	

	  Psychiatric disorders
	0.64 (0.401 to 1.027)
	.064
	
	0.49(0.27 to 0.87)
	.015
	*

	    NCD
	1.25 (0.80 to 1.97)
	.326
	
	1.24(0.73 to 2.09)
	.425
	

	  Alcohol addiction
	1.68 (0.95 to 2.97)
	.078
	
	1.28(0.66 to 2.48)
	.462
	

	  Smoking
	1.64 (1.05 to 2.57)
	.031
	*
	1.47(0.83 to 2.62)
	.188
	

	  Recent physical                     deconditioning
	0.40 (0.26 to 0.62)
	.000
	***
	0.46(0.27 to 0.76)
	.003
	**

	
	
	
	
	
	
	

	ADL
	0.85 (0.56 to 1.30)
	.458
	
	1.48(0.86 to 2.56)
	.157
	


*p<.05; **p<.01; ***p<.001.
	NCD= non communicable disease; ADL activity of daily life.

There was a significant prediction of solitary death by all the predictors, χ2(11, N=694) = 144, p < .001, Negelkerke R2= .310. People living alone were 9.5 times more likely to die solitary compare to living with family, B = 2.248, χ2(1) = 72, p < .001, exp(B) = 9.468. There was a significant difference on the likelihood of solitary death by the presence of psychiatric disease, and people who have psychiatric disease were two times less likely to die solitary compared to non psychiatric people, B =.298, χ2(1) = 6.8, p = .015, exp(B) = 0.486. People who complained about physical deconditioning were two times less likely to die solitary compared to people who did not complained, B =.261, χ2 (1) = 8.9, p = .03, exp(B) = .457. There was no significant prediction of solitary death by age, gender, ADL, lack of relatives, alcohol addiction, smoking, and low social economic status, B = -.490, χ2(1) = .3.1, p = .613, exp(B) = .613, B = .70, χ2(1) = .07, p = .786, exp(B) = .1.073, B = .394, χ2(1) = 3.0, p = .157, exp(B) = 1.483, B = −.475, χ2(1) = .739, p = .419, exp(B) = .622, B = .247, χ2(1) = .65, p = .462, exp(B) = 1.281, B = −.387, χ2(1) = 2.0, p = .188, exp(B) = 1.473, and B = .513, χ2(1) = 1.727, p = .225, exp(B) = 1.671, respectively.
There was no significant difference between observed and predicted group membership,
Hosmer-Lemeshow χ2(8) = 8.843, p = .356. The overall classification rate was good, ROC area = .814, SE = .023. Figure 3 shows the ROC curve of this study. A cutoff value of .682 was used to minimize false negative rates using Kullback-Leibler rule-out distance (Lee, 1999). About 83% of participants were correctly classified (solitary death, 87.7%; non solitary death, 59.8%). Only 12.3% of solitary death was classified as a non-solitary death, while 40.2% of non-solitary death was classified as solitary death. 
[image: ]
[bookmark: _Toc311209374]Figure 2. Plot of sensitivity versus 1-specificity for all possible cutpoints in this study.


Linearity of the dependent variable for ADL in the logit of the independent variable was assessed using loess smoothing curve methods. This was done to confirm that binomial logistic regression was the appropriate method of analysis. This is described in Appendix B. 
This resulted in a model containing seven interaction terms (case’s age, sex, living alone, presence of relatives, using welfare, psychiatric disease, NCD, alcohol addiction, smoking, ADL and recent complaint of physical deconditioning). After eliminating interaction terms with a P-value greater than 0.01, there was no interaction left in the model.


[bookmark: _Toc311470786]Discussion
This was the first study to estimate the magnitude of risk factors in solitary death in Japan. According to the results, we conclude that there is significant evidence that people who have presence of psychiatric diseases and recent complaint of physical deconditioning are two times less likely to die alone compared with people who do not have psychiatric diseases or complaint of physical deconditioning. Since psychiatric disease was regarded as a risk factor of solitary death, our data shows in opposition. It may be because people who have psychiatric diseases need regular social support and enable them to keep in touch with societies. Interestingly, the recent complaint of physical deconditioning also reduces the risk of solitary death. This risk factor may also represent that they also have connection to neighbors or relatives.
The only significant positive risk factor was the solitary life. People living a solitary life were nine times more likely to die alone compared to people living with family. 
On the other hand, we did not find significance between the risk of solitary death and known risk factors such as gender, presence of relatives, and socioeconomic status, and presence of NCD, alcohol addiction after controlling for other independent variables. Although, in other studies, higher age regarded as risk of solitary death, our results show that elderly people tend to reduce the risk of solitary death after controlling for other independent variables. 
However, there are few limitations in this study to take into account. First, this dataset may have information bias due to the police investigation. For deceased who have family or found earlier since they died, it may be more straightforward to evaluate the circumstances compared to the person who died and was left for several days or weeks. The missing values might not be at random between the solitary death cases and non-solitary death cases. However, if we focus on the significant risk factors, the missing data of solitary life, psychiatric diseases and complaint of physical deconditioning was 0%, 7% and 16%, respectively. Therefore, the proportion of missing value and the way of imputation may not significantly influence the results.
Second, there may be selection bias for this study population. The database was only based on unexpected death cases in Kyoto and did not include the people who diagnosed and written their death certificate by physicians. Moreover, as we described in the background chapter, not all the unexpected death cases were delivered to the forensic department. For example, police tend to bring deceased who have more risk of criminal cases or whose circumstances are unknown. Therefore, the population may not represent the general population who has the risk of solitary death. 
Third, it is challenging to compare the results within studies regarding solitary death. There is no strictly accepted definition of solitary death in Japan, because the ministry of health does not intend to make a strict definition in order not to exclude the at-risk people from the support system unwillingly. Every study may not focus on the same outcome and this makes it difficult to compare the results between studies. In some definitions, solitary death represents people who died but were not being found for several days, therefore the target population could be different from our study.
 Finally, we tried to take all the possible interactions and confounding variables into account, and concluded that there was no effect modifier and confounding in this research. However, we could not deny existence of unknown potential confounders. 
Although some limitations exist, we identified the contribution of each risk factor to solitary death. Interestingly, some of their effects took opposition to prior investigations. 
The strength of this study is that this is the only study, which investigates the statistical significance of each risk factor in solitary death in Japan. The magnitude of each risk factor will be useful to assess the risk of population and develop preventive strategies. 
Although there may be selection bias of the deceased due to the way cases were chosen and delivered the by police, the strength of study is that there are no dropout cases. In some studies, drop out can cause information bias, however, in this study, we could include all the information of subjects, which was delivered to the department.
In addition, it is difficult to evaluate and analyze the risk factors for a population who is isolated from the community or society in other types of studies. They may not intend to respond to the surveillance or interviews, and this can result in a nonresponse bias and give a negative influence on the result of study. 
This study may have some limitation, however, we recognize that our study yields significant results on the prediction of solitary death in Japan, where the study population is often challenging to reach. 
To establish the causality between solitary death and social and clinical risk factors, further research will be necessary.

[bookmark: _Toc311470787][bookmark: _Toc106513536][bookmark: _Toc106717794]APPENDIX A: assumption of no multicolineality
In this appendix, we check the multicollinearity of independent variables. If the VIF is higher than 10 we conclude that there is multicollinearity of independent variable. Table 4 shows the VIF of each variable and we conclude that there is no concern about multicollinearity of the independent variables.

[bookmark: _Toc311209372]Table 3. VIF of Independent Variables

	Variable
	VIF

	Age>55
	1.121

	Sick_NewY1
	1.045

	Gender
	1.128

	NCD
	1.103

	ADL
	1.113

	No relatives
	1.171

	Psychiatric Disease
	1.176

	Alcohol Addiction
	1.140

	Smoking
	1.225

	On welfare
	1.330

	Living alone
	1.155




[bookmark: _Toc311470788]APPENDIX B: assumption of linearity
Loess smoothing curves showed that linearity varied over the interval of the dependent variable. The outcome fracture versus age on the logit scale is shown in Figure 3. Although the slope of plotted loess curve become steeper at the 1 of ADL, the plotted loess smooth appears nearly linear, suggesting that there is no evidence that the logit is not linear in ADL. 

[image: ]
[bookmark: _Toc311209375]Figure 3. Loess smooth curve for ADL
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