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Background: Little is known about the relationship between disease-specific mortality and 

high-level activities of daily living in the elderly. We examined whether mortality is associated 

with high-level activities of daily living in an octogenarian population.

Methods: We conducted a population-based cross-sectional and prospective cohort study in 

693 older persons aged 80 years and living in Japan’s Fukuoka Prefecture. We then evaluated 

the association between 12-year disease-specific mortality and high-level functional capacity as 

measured by the Tokyo Metropolitan Institute of Gerontology Index of Competence, which is 

a standardized multidimensional 13-item instrument; items 1 through 5 are classified as instru-

mental self-maintenance activity, items 6 through 9 as intellectual activity, items 10 through 13 

as social roles activity, and all 13 items together yield total functional capacity.

Results: By the 12-year follow-up of the 693 participants, 413 had died, 242 survived, and 

38 were unable to be located. Of the 413 who died, 105 died of cardiovascular disease, 73 of 

respiratory tract disease, 71 of cancer, and 39 of senility. Of the other 125 deaths, 59 were due 

to other diseases, and the cause of death for 66 participants is not known. The hazard ratio (HR) 

for all-cause mortality, adjusted for confounding factors with multivariate Cox analyses, fell 

by 6% (HR 0.937, 95% confidence interval [CI] 0.899–0.978, P = 0.003) with each one-point 

increase in participants’ scores on the Tokyo Metropolitan Institute of Gerontology Index of 

total functional capacity. With one-point increases in instrumental self-maintenance activity and 

in intellectual activity, the HRs for all-cause mortality decreased by 14% (HR 0.856, 95% CI 

0.787–0.930, P = 0.000) and 12% (HR 0.884, 95% CI 0.794–0.983, P = 0.023), respectively. 

Respiratory mortality with HR adjustment fell by 11% (HR 0.887, 95% CI 0.804–0.978, 

P = 0.016) and 24% (HR 0.760, 95% CI 0.627–0.922, P = 0.005) with one-point increases in 

the scores of total functional capacity and instrumental self-maintenance activity, respectively. 

Similarly, mortality due to senility fell by 16% (HR 0.838, 95% CI 0.743–0.946, P = 0.004), 

29% (HR 0.707, 95% CI 0.564–0.886, P = 0.003), and 29% (HR 0.710, 95% CI 0.522–0.966, 

P = 0.029) with one-point increases in the scores of total functional capacity, instrumental self-

maintenance activity, and intellectual activity, respectively.

Conclusion: These findings suggest that high-level activities of daily living may be an indepen-

dent predictor of mortality due to all causes, respiratory disease and senility in older persons.

Keywords: older persons, community-dwelling, mortality, respiratory death, instrumental ADL

Introduction
Activities of daily living (ADL) can be divided into basic ADL and ADL that are 

high-level. Basic ADL include eating, bathing, dressing, being mobile, toileting, and 

maintaining urinary control.1 Examples of instrumental or high-level ADL are shop-

ping; preparing meals; housekeeping; doing laundry, going out to nearby places; and 
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managing transportation, medication, and money.2 High-level 

ADL can be assessed by the Tokyo Metropolitan Institute of 

Gerontology (TMIG) Index of Competence.3,4

Earlier studies showed that the ADL of walking, stand-

ing, sitting, going out, bathing, eating, toileting, and dress-

ing, with or without assistance, are related to mortality in 

community-dwelling older Japanese persons aged at least 

65 years.5,6 A higher impairment level according to minimum 

dataset subscale ADL levels was an independent predictor of 

shorter survival in persons aged 65 years or over.7  Difficulty 

with two, three, or more instrumental ADL (tasks essential 

to home management and independent living) was associ-

ated with higher mortality in adults aged 65 years or older.8 

We also found an association between ADL dependency 

and disease-specific mortality in an older population.9 In 

another investigation, greater risk of incident dementia was 

found in an older, unhealthy, religious population, mean 

age 73.0 years, than in the other behavioral groups.10 In a 

nationally representative survey of older adults in the United 

States, which included 31,568 community dwelling adults 

aged 65 and over, the prevalence of multiple chronic disease 

was increasing, but the level of impairment and disability 

remained stable.11

Although total mortality is likely to be higher in older 

individuals with impaired ADL, little is known about the 

relationship between disease-specific mortality and high-

level ADL in older persons. Therefore, we examined whether 

12-year disease-specific mortality is more closely associated 

with high-level ADL than with basic ADL in a community-

dwelling population of octogenarians.

Methods
In 1998, a total of 1282 individuals residing in three cities 

(Buzen, Yukuhashi, Munakata), four towns (Katsuyama, 

Tikujo, Toyotsu, Kanda), one village (Shinyoshitomi), and one 

ward (Tobata of Kikakyushu City) within Japan’s Fukuoka 

Prefecture were selected for this study; all individuals were 

80 years old. The nine locations were selected randomly from 

among urban, suburban, and rural communities with the goal 

of achieving a balance of living environments including socio-

demographic backgrounds, dietary habits, health behaviors, 

and medical treatment. There were no baseline inclusion and 

exclusion criteria for the study. Of the 1282 individuals, 693 

(54.1%) (276 males and 417 females) agreed to participate, 

and each participant underwent both a high-level ADL assess-

ment and a laboratory blood examination. The 693 participants 

were followed-up 12 years after the baseline examination. 

Confirmation of whether the individual was living or had 

died was obtained by interviewing the family via a telephone 

call or home visit. We also asked the patient’s family about 

the cause of death, and then coded it according to the Inter-

national Classification of Diseases (ICD-10, World Health 

Organization). Thirty-eight participants (5.5%) were lost over 

the 12 years and were unable to be located for follow-up. The 

study was conducted according to the principles expressed 

in the Declaration of Helsinki and was approved by the 

Human Investigations Committee of Kyushu Dental College. 

Informed consent for study participation was obtained from 

all participants.

The TMIG Index of Competence, a standardized mul-

tidimensional 13-item instrument developed by the TMIG 

group, was used to measure the participants’ high-level ADL 

at the start of this study.3 Items 1 through 5 are classified as 

instrumental self-maintenance activity, items 6 through 9 as 

intellectual activity, items 10 through 13 as social roles activ-

ity, and all items together, 1 through 13, as total functional 

capacity. The response to each item was simply “yes” or “no” 

and was scored 1 for yes or 0 for no. The total score was 

the sum of the number of items answered yes; a high score 

indicated high-level functional capacity. A score for each 

subscale of this index was also used to measure the capacity 

levels of instrumental self-maintenance, intellectual activity, 

and social roles. Points for TMIG subscores were based on 

the tertile number.

All data are reported as medians (range). Differences 

in mean values between groups were assessed by unpaired 

t-test or analysis of variance. Categorical variables were com-

pared using the χ2 test. Associations between high-level ADL 

and 12-year mortality were assessed using the  multivariate 

Cox proportional hazards regression model. The TMIG 

index score, gender, smoking, and body mass index (BMI) 

as well as levels of albumin, total serum cholesterol, and 

glucose were fit as continuous variables, and these variables 

were also used as confounding factors. Comparisons of the 

survival rates among groups according to high-level ADL 

were assessed by the Kaplan–Meier method, followed by 

a log-rank test to assess the significance between survival 

curves. All statistical analyses were performed using SPSS 

16.0 (SPSS Japan, Inc, Tokyo, Japan). Results were consid-

ered significant at P , 0.05.

Results
During the 12-year period from April 1998 to March 2010, 

of the 693 individuals who participated in the present study, 

413 died, 242 survived, and 38 were lost by the time of follow-

up. The follow-up rate was 94.5%, and the total mortality 
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was 63.1%. Of the 413 participants who died, 105 died due 

to cardiovascular disease, 73 to respiratory tract disease, 71 

to cancer, 39 to senility, 18 to digestive system disease, 14 to 

exogenous death, seven to neurological disease, six to urinary 

tract diseases, and 14 to other diseases; the cause of death 

for the remaining 66 participants was not known. Death due 

to senility was usually diagnosed when the patient had poor 

ADL and died without a clear diagnosis.

Deaths due to cardiovascular disease included 37 heart 

failures, 23 brain infarctions, 15 myocardial infarctions, nine 

aortic aneurysms, three cases of brain bleeding, three cases of 

ischemic heart disease, two cases of hypertension, one stroke, 

one pulmonary infarction, one case of sick sinus syndrome, 

one case of subdural bleeding, one case of subarachnoidal 

bleeding, one carotid artery aneurysm, one case of angina, 

one cardiac rupture, and five deaths for which the details 

were unknown.

The 73 deaths due to respiratory tract diseases included 

59 cases of pneumonia, eight respiratory failures, one 

case of bronchial asthma, one case of emphysema, one 

case of chronic bronchitis, one case of chronic obstruc-

tive lung disease, and two deaths for which the details 

were unknown.

The 71 cancer cases included 16 cases of lung cancer, 

12 cases of gastric cancer, ten cases of hepatic cancer, six cases 

of colon cancer, five cases of urinary tract cancer, four cases 

of pancreatic cancer, four cases of uterine cancer, two cases of 

bile duct cancer, one case of esophageal cancer, one case of 

ovarian cancer, one case of leukemia, one case of gallbladder 

cancer, one case of multiple myeloma, one case of laryngeal 

cancer, one case of peritoneal cancer, one chondrosarcoma, 

one malignant lymphoma, one malignant mesothelioma, and 

two deaths for which the details were unknown.

The baseline characteristics of the participants who 

survived the 12-year follow-up period and those who died 

are shown in Table 1. Males and smokers were more likely 

to die compared to females and nonsmokers. The BMI, 

serum concentration of total cholesterol, and serum level of 

albumin were higher in the group of survivors than in the 

nonsurvivors, whereas the serum level of glucose was lower 

in the survivors.

Of the 693 individuals who participated in this study, 

651 were classified by their TMIG Index of Competence 

scores as being high-level, and the other 42 participants were 

not classified. No significant difference was found in total mor-

tality between these two groups of participants (62.2% versus 

75.6%, P = 0.085). The participants’ total functional capacity 

scores were divided into a high-score group (scoring 12 or 13; 

n = 213), middle-score group (scoring 10 or 11; n = 219), 

and low-score group (scoring 1 to 9; n = 219). Similarly, the 

participants’ instrumental self-maintenance activity scores 

were divided into a high-score group (scoring 5; n = 362), 

middle score (scoring 4; n = 147), and low score (scoring 0 

to 3; n = 142). The intellectual activity scores were divided 

into a high-score group  (scoring 4; n = 300), middle-score 

group (scoring 3; n = 196), and low-score group (scoring 0 

to 2; n = 156). The social roles activity scores were divided 

into a high-score group (scoring 4; n = 214), middle-score 

group (scoring 3; n = 205), and low-score group (scoring 0 

to 2; n = 234). Since there was one individual who partici-

pated only with the intellectual activity scoring, the number 

of participants for the total functional capacity was 651, and 

that for the intellectual activity was 652. In addition, two 

subjects only participated with social roles activity, so the 

number for social role activity scores was 653.

All-cause mortality was most prevalent in the total 

functional capacity low-score group, more prevalent in 

the middle-score group, and least prevalent in the high-score 

group (Table 2). Similarly, there was a slight difference in 

mortality due to respiratory disease among the three total 

functional capacity groups; lowest in the high-score, lower in 

the middle-score, and high in the low-score group. No signifi-

cant differences were found in mortality due to cardiovascular 

disease, cancer, or senility among the total functional capac-

ity groups. The ADL-mortality associations were assessed 

separately for the rural-dwelling group and the city-dwelling 

group. There were 141 older people in the city group, and 

208 older people in the rural group. All-cause mortality was 

higher in the total functional capacity low-score group and 

Table 1 Baseline characteristics of the participants who survived 
during the 12-year follow-up and those who died

Living 
n = 242

Deceased 
n = 413

P-value

Men/women 64/178 203/210 0.000
Smoking (yes/no) 11/229 72/334 0.000
Alcohol drinking  
(yes/no)

131/100 221/181 0.672

Going to the hospital  
regularly (yes/no)

196/36 334/66 0.746

BMI (kg/m2) 23.0 (17.0–32.1) 22.5 (15.3–38.8) 0.005
Total cholesterol  
(mg/dL)

212.0 (141–318) 197.0 (91–329) 0.000

Albumin (mg/dL) 4.3 (3.5–5.3) 4.2 (2.8–4.9) 0.000
Blood sugar (mg/dL) 105 (11–578) 107 (60–456) 0.005
Systolic blood  
pressure (mmHg)

151 (102–221) 148 (100–258) 0.522

Note: Data are shown as medians (range).
Abbreviation: BMI, body mass index.
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lower in high-score group (66.7% versus 40.0%; χ2 = 8.267, 

P = 0.016) who resided in city areas, while no difference was 

found between total functional capacity low-score and high-

score group (74.0% versus 58.0%; χ2 = 4.316, P = 0.116) 

who resided in rural areas.

As shown in Table 2, in a pattern similar to that of the 

total functional capacity groups, both the all-cause mortal-

ity and the respiratory mortality were most prevalent in the 

instrumental self-maintenance activity low-score group and 

more prevalent in the middle-score group compared to those 

in the high-score group. Mortality due to cardiovascular 

disease, cancer, or senility did not differ significantly among 

the instrumental self-maintenance activity groups.

Regarding the intellectual activity groups (Table 2), 

there was no significant difference in any cause of mortality 

among the groups. In contrast, the all-cause mortality was 

highest in the social roles activity low-score group, lower in 

the middle-score group and lowest in the high-score group, 

whereas cancer mortality was highest in the high-score social 

roles activity group, lower in the middle-score group and 

lowest in the low-score group (Table 2).

Overall survival rates and survival
With the Kaplan–Meier method followed by a log-rank test 

to assess the significance between survival curves, it was 

revealed that the overall survival rates during the 12-year 

follow-up period were significantly higher in the total 

functional capacity high-score group (χ2 = 11.5, P = 0.001) 

and middle-score group (χ2 = 7.4, P = 0.007) compared 

to the low-score group (Figure 1A). The overall survival 

rate was highest in the instrumental self-maintenance 

activity high-score group (χ2 = 27.2, P = 0.000), lower in 

the middle-score group (χ2 = 7.2, P = 0.007), and lowest 

in the low-score group (Figure 1B). The survival curves 

of both the high-score (χ2 = 4.5, P = 0.034) and middle-

score groups (χ2 = 5.0, P = 0.026) of intellectual activity 

were significantly higher than those of the low-score group 

(Figure 1C). Similarly, the survival curve of the social roles 

activity high-score group was significantly higher than that 

of the low-score group (χ2 = 6.0, P = 0.014) (Figure 1D).

Cardiovascular mortality was lower in the high-score 

groups for total functional capacity (χ2 = 4.9, P = 0.027), 

instrumental self-maintenance activity (χ2 = 4.3, P = 0.038) 

and social roles activity (χ2 = 4.4, P = 0.037) compared 

to their respective low-score groups, while no association 

was found between intellectual activity and cardiovascular 

mortality. Similarly, mortality from respiratory disease was 

lowest in the high-score groups for total functional capac-

ity, instrumental self-maintenance activity, and social roles 

activity (χ2 = 8.8, P = 0.003; χ2 = 16.1, P = 0.000; χ2 = 7.4, 

P = 0.006), higher in the respective middle-score groups 

(χ2 = 5.5, P = 0.019; χ2 = 6.6, P = 0.010; χ2 = 2.7, P = 0.103), 

and highest in the respective low-score groups. Senility mor-

tality was also associated with instrumental self-maintenance 

activity and intellectual activity, but was not associated with 

total functional capacity or social roles activity. There was no 

association between cancer mortality and any score groups 

for total functional capacity, instrumental self-maintenance 

activity, intellectual activity, or social roles activity.

Table 3 shows the results of our multivariate Cox analyses 

of mortality and the TMIG index scores for total functional 

capacity, instrumental self-maintenance activity, intellectual 

activity, and social roles activity, which were adjusted for 

gender, smoking, BMI, serum level of albumin, glucose, 

and total cholesterol. Since all participants were 80 years 

old at the start of the study, age was not included as a con-

founding factor. The hazard ratio (HR) for each score of the 

Table 2 Mortality due to all-causes, cardiovascular disease, 
respiratory disease, cancer, or senility for the subscales of the 
Tokyo Metropolitan Institute of Gerontology (TMIG) index of 
competence

Mortality High  
score

Middle  
score

Low  
score

P-value

Total functional capacity
All-cause 56.0% 60.2% 70.6% 0.008
Cardiovascular 13.0% 17.5% 17.6% 0.349
Respiratory 8.0% 9.5% 15.2% 0.049
Cancer 15.0% 9.5% 8.3% 0.071
Senility 4.5% 4.7% 7.4% 0.376
Men 42.4% 38.9% 41.4% 0.763
Instrumental self-maintenance activity
All-cause 54.9% 66.4% 76.1% 0.000
Cardiovascular 14.2% 19.3% 17.4% 0.353
Respiratory 8.6% 9.3% 18.1% 0.008
Cancer 11.0% 12.1% 9.4% 0.765
Senility 4.2% 8.6% 5.8% 0.156
Men 36.7% 50.4% 41.9% 0.020
Intellectual activity
All-cause 61.8% 58.2% 68.4% 0.149
Cardiovascular 17.9% 12.5% 17.1% 0.283
Respiratory 8.9% 13.6% 11.2% 0.286
Cancer 12.1% 9.8% 9.9% 0.654
Senility 4.3% 4.9% 9.2% 0.092
Men 45.5% 40.0% 32.9% 0.038
Social roles activity
All-cause 56.7% 60.8% 68.3% 0.045
Cardiovascular 14.4% 13.1% 20.1% 0.110
Respiratory 7.7% 10.1% 14.7% 0.065
Cancer 14.4% 12.1% 6.7% 0.032
Senility 4.6% 5.0% 6.7% 0.613
Men 39.0% 38.2% 45.0% 0.295
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TMIG index shows the risk of mortality associated with a 

one-point increase (continuous analysis) in score. The HR 

for all-cause mortality, adjusted for the above-mentioned 

confounding factors, fell by 6% with each one-point increase 

in total functional capacity (Table 3). Similarly, with one-

point increases in instrumental self-maintenance activity 

and in intellectual activity, the HR for all-cause mortality 

decreased by 14% and 12%, respectively (Table 3), while  

no association was found between social role activity and 

total mortality (Table 3).

No association was found between cardiovascular mortal-

ity and the scores of total functional capacity, instrumental 

self-maintenance activity, intellectual activity, and social 

roles activity (Table 3). In contrast, cancer mortality rose by 

40% with a one-point increase in the score of social roles 

activity (Table 3), and no association was found for cancer 

mortality with scores of total functional capacity, instru-

mental self-maintenance activity, and intellectual activity 

(Table 3).

Respiratory mortality adjusted for the same confounding 

factors fell by 11% and 24% with one-point increases in the 

scores for total functional capacity and instrumental self-

maintenance activity, respectively, but this mortality did not 

relate to the scores for intellectual activity and social roles 

activity (Table 3). Similarly, mortality due to senility fell by 

16%, 29%, and 29% with one-point increases in the scores 

for total functional capacity, instrumental self-maintenance 

activity, and intellectual activity, respectively, but there was 

no association between senility mortality and social roles 

activity (Table 3).
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Figure 1 Overall survival curves during the 12-year follow-up period for the total functional capacity (A), instrumental self-maintenance activity (B), intellectual activity (C), 
and social roles activity (D). 
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Table 3 Multivariate Cox analyses of the association of gender, 
smoking, body mass index, serum level of albumin, glucose and 
total cholesterol with mortality of all-cause, cardiovascular 
disease, respiratory disease, cancer and senility

Mortality Hazard ratio 95% CI P-value

Total functional capacity
All-cause 0.937 0.899–0.978 0.003
Cardiovascular disease 0.945 0.870–1.026 0.179
Respiratory disease 0.887 0.804–0.978 0.016
Cancer 1.111 0.993–1.244 0.066
Senility 0.838 0.743–0.946 0.004
Instrumental self-maintenance activity
All-cause 0.856 0.787–0.930 0.000
Cardiovascular disease 0.916 0.773–1.087 0.316
Respiratory disease 0.760 0.627–0.922 0.005
Cancer 1.155 0.914–1.460 0.228
Senility 0.707 0.564–0.886 0.003
Intellectual activity
All-cause 0.884 0.794–0.983 0.023
Cardiovascular disease 0.921 0.750–1.131 0.432
Respiratory disease 0.887 0.682–1.153 0.370
Cancer 1.021 0.785–1.327 0.879
Senility 0.710 0.522–0.966 0.029
Social roles activity
All-cause 0.965 0.879–1.059 0.452
Cardiovascular disease 0.911 0.764–1.086 0.297
Respiratory disease 0.830 0.668–1.032 0.094
Cancer 1.398 1.088–1.797 0.009
Senility 0.835 0.627–1.114 0.220

Abbreviation: CI, confidence interval.

Discussion
Our analyses revealed associations between 12-year 

mortality and high-level ADL scores measured in the 

octogenarian  participants at baseline using a standardized 

multidimensional 13-item instrument developed by the 

TMIG group. High total functional capacity scores were 

related to decreases in all-cause mortality, respiratory 

disease, and senility, with adjustments for the confound-

ing factors of gender; smoking; BMI; and serum levels of 

albumin, glucose, and total cholesterol. Similarly, increases 

in instrumental self-maintenance activity were related to 

decreases in mortality from all causes, respiratory disease, 

and senility. Intellectual activity was also related to decreases 

in both the all-cause and senility mortalities, although the 

significance of this relation was not high. Social roles activity 

was associated only with cancer mortality. Although there 

were other well-known ADL indexes, such as Barthel’s ADL 

index,12 Katz’s ADL score,13 and Lawton and Brody’s instru-

mental ADL score,14 in 1998, we assessed ADL using the 

TMIG Index of Competence only. Therefore, we evaluated 

the association between mortalities and ADLs with TMIG 

Index of Competence.

These findings indicate that among 80-year-olds, a decline 

in high-level ADL – especially instrumental self-maintenance 

activities such as using public transportation, shopping, pre-

paring meals, arranging to pay bills, and handling one’s own 

banking – was an independent predictor of increased risk of 

12-year mortality from all causes, respiratory disease and 

senility. A decrease in the intellectual activity of filling out 

pension forms, reading newspapers, books and magazines, 

and being interested in news programs related to health was 

also an independent predictor of increased risk of mortality 

due to all causes and senility. Increased social roles activi-

ties such as interacting with friends, being asked for advice, 

visiting sick friends, and initiating conversation with young 

people were a probable independent predictor of increased 

risk of cancer mortality. Considering the P-value obtained in 

the Cox analyses (Table 3), Kaplan–Meier analyses  (Figure 1) 

and χ2 tests (Table 2), the association with mortality was 

tighter for instrumental self-maintenance activity and total 

functional capacity than for intellectual activity and social 

roles activity, suggesting that instrumental self-maintenance 

activity and total functional capacity may be better predictors 

of the mortality of older individuals than intellectual activity 

and social roles activity.

However, our findings indicate that although the mortality 

from all causes, respiratory disease, and senility can be pre-

dicted by the level of instrumental self-maintenance activity, 

mortality due to cardiovascular disease and cancer cannot be 

predicted by high-level ADL scores including instrumental 

self-maintenance and intellectual and social roles. Similarly, 

we previously found that ADL dependency – ie, whether 

participants were independent in their everyday lives, such 

as being able to go out and use public transportation or going 

out into the neighborhood without assistance, versus needing 

assistance when living indoors and living on a bed in the 

daytime, needing assistance with toileting, eating meals, 

and changing clothes – was a predictor of mortality from all 

causes, respiratory disease and senility, but was not a pre-

dictor of mortality from cancer and cardiovascular disease.9 

These findings suggest that not only ADL dependency, but 

also high-level ADL such as instrumental self-maintenance 

activity, are tightly associated with mortality due to all 

causes, respiratory disease, and senility.

In the present study, we found a positive association 

between cancer mortality and social roles activity, suggesting 

that individuals who are able to interact with friends, be asked 

for advice, visit sick friends, and initiate conversations with 

young people are more likely to die of cancer than individuals 

who are not able to perform these activities. The HR for 
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cancer mortality with high-level ADL activity was greater than 

1.0, not only in social roles activity (1.398) but also in total 

functional capacity (1.111), instrumental self-maintenance 

activity (1.155), and intellectual activity (1.021), suggesting 

that individuals who have high-level ADL activity are more 

likely to die of cancer, and less likely to die of respiratory 

disease, senility, and cardiovascular disease. Increases in 

physical activity or physical fitness, however, are reported 

by several investigators to be associated with decreases in 

cancer mortality.15 In other studies, leisure-time activity was 

inversely related with all-cancer mortality in men aged 40–64 

years16 and 40–69 years.17 Similarly, physically active men 

at the average age of approximately 43 years18 or 54 years19 

were at lower risk of death from cancer than sedentary men of 

similar ages. However, little is known about these associations 

in older populations (ie, over 80 years of age). Our participants 

were octogenarians and were followed from the age of 80 to 

92. It seems plausible that very old individuals who do not die 

of respiratory disease, senility, or cardiovascular disease are 

likely to die of cancer because of their impaired immunity due 

to aging. However, further research is needed to elucidate this 

association.

Several studies have reported that cardiovascular disease 

mortality was increased in a dose-related manner relative 

to decreased physical activity.15–17,20 In the present study, no 

significant association was found between cardiovascular 

mortality and total functional capacity, instrumental self-

maintenance activity, intellectual activity, or social roles 

activity. However, the HR for death due to cardiovascular 

disease was consistently lower than 1.0 (0.945 for total 

functional capacity, 0.916 for instrumental self-maintenance 

activity, 0.921 for intellectual activity, 0.911 for social 

roles activity). Therefore, it seems likely that an inverse 

association between high-level functional capacity and car-

diovascular disease mortality may exist, but it did not reach 

a significant level. This may be due to the small number 

of participants, or because the age of the participants was  

very high.

We found stronger associations between mortality due to 

respiratory disease or senility and total functional capacity 

or instrumental self-maintenance activity compared to those 

between mortality due to cardiovascular disease or cancer and 

total functional capacity or instrumental self-maintenance 

activity. Similarly, walking, as a physical activity, in men 

aged 40–64 years16 or 40–69 years17 was inversely related 

to mortality due to respiratory disease in a previous study. 

Inverse associations between leisure-time physical activ-

ity and mortality were strongest for respiratory mortality 

compared with those for cancer or cardiovascular mortality 

in participants older than 35 years.21 Since the diagnosis 

of death due to senility was usually made in patients who 

had poor ADL and no clear diagnosis of induced death, the 

close association between senility-related mortality and total 

functional capacity or instrumental self-maintenance activity 

found in this study can be considered reasonable.

In the present study of an octogenarian population, the 

percent of subjects with a high-score (scoring 12 or 13) in 

total functional capacity was 32.4% (213/657), while in 

another study, the percent of Japanese individuals aged 65–83 

years whose score was 13 points for total TMIG-index was 

29.3%–63.1%,22 indicating that the baseline rate for high-

score ADL based on total TMIG-index was considerably low 

in our study. Relatively lower ADL levels may be attributed to 

the participants’ age (80 years). During the 12-year follow-up, 

all-cause mortality was 63.2% (413/653) for octogenarians in 

the present study, 51.8% for an older Italian population aged 

74.1 years,23 and 29.9% for Japanese women aged 67–89.24 

Higher mortality in our study may be the result of older age 

or gender difference.

There were limitations in our study: the age of the subjects 

was limited to octogenarians, and the number of subjects 

was 693, which is considerably small. The race of our 

subjects was limited to Japanese only. Confirmation of 

whether the individual was living or deceased as well as the 

determination of the cause of death were both obtained only 

by asking the family via a telephone call or home visit. The 

present findings, however, still clearly suggest that high-level 

ADL may be an independent predictor of mortality due to all 

causes, respiratory disease, and senility in very old persons.

In conclusion, within an octogenarian population, we 

found associations between mortality rates from all causes, 

respiratory disease, and senility and the participants’ total 

functional capacity or instrumental self-maintenance 

activities with adjustments for confounding factors. This 

suggests that high-level ADL, especially instrumental 

self-maintenance activities, may be independent predic-

tors of mortality due to all causes, respiratory disease, and 

senility in very old persons. Therefore, it seems important, 

even in the very old, to improve functional capacity or 

instrumental self-maintenance activities in order to extend 

their lifespan.
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