
SHORT COMMUNICATION

Association between body mass index and mortality
among institutionalized elderly adults in Japan

Akemi Nakazawa • Kazutoshi Nakamura •

Kaori Kitamura • Yoshiaki Yoshizawa

Received: 12 March 2013 / Accepted: 5 July 2013 / Published online: 27 July 2013

� The Japanese Society for Hygiene 2013

Abstract

Background The purpose of this study is to assess the

association between body mass index (BMI) and mortality

among nursing home residents in Japan.

Methods A one-year prospective cohort study was con-

ducted with 8,510 elderly individuals across 140 nursing

homes. Baseline measurements included age, sex, height,

weight, BMI, activities of daily living (ADL) (Barthel

Index), and degree of dementia. Information regarding

dates of discharge and mortality were also obtained to

calculate person-years. Cox’s proportional hazards model

was used to estimate hazard ratios.

Results Mean age and BMI were 84.3 [standard deviation

(SD) 8.1] years and 20.6 (SD 3.8) kg/m2, respectively.

Hazard ratios of mortality adjusted for sex, age, ADL,

degree of dementia, and type of home were 2.4 [95 %

confidence interval (CI): 1.9–3.1] for the 1st quintile of

BMI (\17.3 kg/m2), 1.7 (95 % CI: 1.3–2.3) for the 2nd

quintile (17.3–19.2 kg/m2), 1.5 (95 % CI: 1.2–2.0) for the

3rd quintile (19.3–21.1 kg/m2), and 1.2 (95 % CI: 0.9–1.6)

for the 4th quintile (21.2–23.5 kg/m2) (P for trend\0.001),

compared with the reference 5th quintile (23.6B kg/m2).

Conclusions There was a clear inverse dose-dependent

relationship between BMI and mortality. Future studies

should be conducted to determine the effects of nutritional

intervention on mortality in institutionalized elderly

adults.
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Introduction

The rapidly growing elderly population in Japan has been

accompanied by an increase in the proportion of frail

elderly people. In fact, the number of special nursing

homes in 2010 was reported to be 5,978, with more than

410,000 residents [1]. In this context, identifying predictors

of mortality among institutionalized elderly people is

meaningful not only for their health, but also for caregivers

to provide appropriate care.

Body mass index (BMI) is an important parameter for

characterizing the health status of frail elderly individuals.

Several studies have indicated that low BMI is associated

with increased mortality risk in nursing home residents [2–

5]. However, its impact on mortality risk is not uniform in

these studies, and may reflect different sample sizes across

studies (range of n = 82–519) [2–5]. Ethnic differences

may also account for this variability.

We previously conducted a nursing-home-based, large-

scale cohort study and found an association between levels

of activities of daily living (ADL) and one-year mortality

[6]. In the present cohort study, we further analyzed the

impact of BMI on mortality. Accordingly, the aim of this

study is to determine whether BMI is associated with

mortality in nursing home residents in Japan.
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Methods

Nursing home residents living in all 201 nursing homes

registered with the Niigata Council of Institutions for the

Elderly in Niigata Prefecture, Japan, were targeted in this

study. Of the 201 nursing homes, 140 (8,905 elderly indi-

viduals) participated. The final participant population

consisted of 8,510 elderly individuals, after excluding 395

for whom BMI could not be evaluated (due mainly to their

bedridden status). The study protocol was approved by the

independent Ethics Committee of Niigata University

School of Medicine. Details of the study protocol have

been published previously [6].

The present study was conducted from April 1, 2007 to

March 31, 2008. Age, sex, height, and weight of partici-

pants were obtained from medical records. BMI was cal-

culated as weight (kg) divided by height squared (m2).

ADL levels were determined using the Barthel Index [7],

which consists of 10 items: feeding, transfers, grooming,

toilet use, bathing, mobility, stair use, dressing, and bowel

and bladder control. The level of assistance (ranging from

complete assistance to independence) required for each

item was scored on a 2- to 4-point scale on which a

maximal level of assistance (totally dependent) was scored

as 0 points and a minimal level as 100 points. Degree of

dementia was assessed using a scale provided by the

Ministry of Health, Labor, and Welfare of Japan [8], which

includes 5 categories: no dementia (normal), some

dementia but almost independent in daily living (I, slight),

dementia with some difficulty communicating but inde-

pendent in daily living with minimal observation (II, light),

dementia with some difficulty communicating and requir-

ing partial care (III, moderate), and severe dementia with

difficulty communicating and requiring complete care (IV,

severe). During the one-year follow-up period, each nurs-

ing home reported information on dates of discharge and

mortality, which was used to calculate person-years on a

daily basis.

Mortality rate was calculated as the number of mortal-

ities divided by person-years. Cox’s proportional hazards

model was used to estimate unadjusted and adjusted hazard

ratios (HRs). Statistical Analysis Software (SAS;

release 9.13, SAS Institute Inc., Cary, NC, USA) was used

for data analysis. P \ 0.05 was considered statistically

significant.

Results

Mean age and BMI were 84.3 (SD 8.1) years and 20.6 (SD

3.8) kg/m2, respectively. Baseline participant characteris-

tics by quintiles of BMI are presented in Table 1. All

variables, with the exception of sex, were associated with

BMI. Of the 8,510 participants, 1,079 died during the one-

year follow-up period.

Adjusted HRs of mortality according to BMI quintiles

are presented in Table 2. BMI was inversely associated

with mortality, regardless of adjustment. HRs decreased

with an increasing number of adjusted covariates. After

adjusting for all covariates, HRs significantly increased

with decreases of BMI\21.2 kg/m2. HRs for Q1–Q3 (BMI

\21.2 kg/m2) were significantly higher than that of the

reference group (Q5).

Given that very low levels of ADL and dementia are

considered strong predictors of mortality [6], HRs of

mortality according to BMI quintiles were recalculated by

excluding totally dependent participants (total Barthel

Index = 0) and participants with severe (level IV)

dementia (Table 3). Similar to the results in Table 2,

adjusted HRs significantly increased with decreases of

BMI. These HRs were stratified by Barthel Index levels

(above or below the median value of 60), and are also

presented in Table 3. The lowest mortality was observed in

the fourth quartile (BMI 23.1–25.2 kg/m2) in the subgroup

of Barthel Index C60, and thus this quartile was used as a

reference in this subgroup. In both Barthel Index

Table 1 Baseline subject characteristics (mean with SD or proportion) by quintiles of body mass index (BMI)

Quintiles of BMI (kg/m2) P for trend

Q1 (\17.3) Q2 (17.3–19.2) Q3 (19.3–21.1) Q4 (21.2–23.5) Q5 (23.6B)

Women (%) 77.7 77.3 75.6 75.6 78.0 0.7259

Age (years) 84.8 (SD 8.2) 85.2 (SD 7.9) 84.8 (SD 8.1) 83.8 (SD 8.0) 82.7 (SD 8.0) \0.0001

Height (cm) 148.1 (SD 9.0) 146.6 (SD 9.2) 145.7 (SD 9.5) 145.0 (SD 9.3) 143.7 (SD 9.7) \0.0001

Weight (kg) 34.4 (SD 4.9) 39.8 (SD 5.2) 43.2 (SD 5.7) 47.1 (SD 6.2) 54.1 (SD 8.3) \0.0001

BMI (kg/m2) 15.7 (SD 1.3) 18.4 (SD 0.6) 20.3 (SD 0.5) 22.3 (SD 0.7) 26.1 (SD 2.3) \0.0001

Total Barthel Index 18.4 (SD 29.6) 28.1 (SD 34.3) 37.7 (SD 36.8) 47.3 (SD 38.3) 60.4 (SD 35.3) \0.0001

No or slight dementia (%) 11.8 15.4 21.8 30.8 43.4 \0.0001
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subgroups, adjusted HRs significantly increased with

decreases of BMI, and the first quartile had the highest

mortality.

Discussion

A clear inverse dose-dependent relationship was identified

between BMI and mortality in a population of institution-

alized elderly adults. Some cohort studies have reported

increased relative risks of mortality with low BMI; For

instance, Grabowski et al. [9] showed that noninstitution-

alized Americans aged [70 years with BMI \19.4 kg/m2

(n = 7,527) had a 1.5-fold higher risk of mortality com-

pared with those with normal BMI. Al Snih et al. [10] also

showed that community-dwelling Americans aged

[65 years with BMI\18.5 kg/m2 (n = 12,725) had a 1.5-

fold higher risk of mortality compared with those with

normal BMI. Other studies have targeted institutionalized

residents. Flacker and Kiely [11] showed that nursing home

residents in the USA with BMI \23 kg/m2 (n = 60,341)

had a 1.3–1.5-fold higher risk of mortality, and Cereda

et al. [2] showed that institutionalized Italians aged

[65 years with BMI \21 kg/m2 (n = 519) had a 1.5-fold

higher risk of mortality. These relative risks are similar

to our adjusted HRs of 1.7 (2nd quintile; BMI range,

17.3–19.2 kg/m2) and 1.5 (3rd quintile; BMI range,

19.3–21.1 kg/m2).

Previous cohort studies targeting Asians are more rele-

vant, in terms of environmental and genetic aspects, to our

results for comparative purposes. Chan et al. [4], studying

154 elderly Singaporeans, showed that BMI \18.5 kg/m2

is associated with a 2.7-fold higher risk of mortality, which

is comparable to our adjusted HR of 2.4 (1st quintile; BMI

\17.3 kg/m2). Low BMI, such as \17.3 kg/m2 in the

present population, is considered a critical risk factor of

mortality in institutionalized elderly Japanese individuals.

In contrast to our results, Al Snih et al. [10] showed a

U-shaped association between BMI and mortality in a US

elderly population and suggested that BMI within the range

25–30 kg/m2 was associated with the lowest mortality.

Almost all (98.7 %) subjects in the present study had BMI

\30 kg/m2, thus the results are more suggestive of a dose-

dependent association, rather than a U-shaped one. It

should be noted, however, that our subgroup analysis

(Table 3) indicated that the BMI 23.1–25.2 kg/m2 group

had the lowest mortality. Although obesity does not seem

to be a critical health problem in institutionalized elderly

Japanese people, BMI between 23 and 25 kg/m2 may be

ideal in such populations.

Smoking may be associated with both mortality and

BMI [12], and thus is a potential confounder in this study.

We did not, however, assess smoking status. Nonetheless,

the effects of smoking on mortality are likely small, given

the low smoking rate among Japanese elderly (as low as

19 % in men and 3 % in women aged C70 years) [13].

Other unknown cofounders may also exist, including

comorbid diseases such as cerebrovascular disease, heart

disease, and diabetes [14, 15]. Future studies should take

these potential cofounders into account.

The link between low BMI and increased mortality risk

is likely established through multiple pathways; For

example, low BMI is associated with malnourishment,

which in turn may reduce immunological function and

cause related diseases. In addition, BMI-related conditions,

such as comorbidities and smoking status which were not

Table 2 Hazard ratios (HRs) of mortality at one-year follow-up according to quintiles of body mass index (BMI)

Quintiles of BMI (kg/m2) P for trend

Q1 (\17.3) Q2 (17.3–19.2) Q3 (19.3–21.1) Q4 (21.2–23.5) Q5 (23.6B)

Number of deaths 405 256 197 136 85

Person-years 1,453 1,552 1,577 1,604 1,640

Mortality rate (/1000 person-years) 278.7 164.9 124.9 84.8 51.8

Unadjusted HR

(95 % CI)

5.4

(4.3–6.8)

3.2

(2.5–4.1)

2.4

(1.9–3.1)

1.6

(1.3–2.2)

1 (Ref.) \0.0001

Adjusted HRa

(95 % CI)

4.9

(3.9–6.2)

2.9

(2.2–3.7)

2.1

(1.6–2.7)

1.5

(1.1–2.0)

1 (Ref.) \0.0001

Adjusted HRb

(95 % CI)

2.4

(1.9–3.1)

1.8

(1.3–2.3)

1.5

(1.1–1.9)

1.2

(0.9–1.6)

1 (Ref.) \0.0001

Adjusted HRc

(95 % CI)

2.4

(1.9–3.1)

1.7

(1.3–2.3)

1.5

(1.2–2.0)

1.2

(0.9–1.6)

1 (Ref.) \0.0001

a Adjusted for sex and age
b Adjusted for sex, age, and total Barthel Index
c Adjusted for sex, age, total Barthel Index, degree of dementia, and type of home
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controlled for in this study, may also contribute to

increased mortality risk.

The strength of this study is that it is the first cohort

study in Japan and the first large-scale cohort study in Asia

to determine the impact and mode of association between

BMI and mortality among institutionalized elderly people.

Limitations of this study include the use of short-term

mortality as an endpoint and the lack of disease informa-

tion. Such information, if available, may have allowed for a

more sensitive prediction of mortality, particularly because

wasting diseases are known to decrease BMI. We attemp-

ted to address this by assessing the association within

participants who have better ADL levels (Table 3) and thus

are less likely to have wasting diseases, and confirmed a

strong association between low BMI and increased mor-

tality. Moreover, given that, as discussed above, low BMI

may have resulted from diseases, the diseases themselves

may be more important predictors of mortality. Despite

these limitations, we believe that our results will aid

nursing home staff and physicians in developing care plans

and addressing future healthcare needs.

We found a clear inverse dose-dependent relationship

between BMI and mortality in nursing home residents.

Although we did not determine a cutoff point for increased

mortality risk, BMI \17.3 kg/m2 may represent an appar-

ent high risk (HR = 2.4). Future research should determine

the effects of nutritional intervention on mortality in

institutionalized elderly adults.
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