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Abstract
Objectives:  This research analyzed the body mass index (BMI) level and rate of change, and their association with socio-
economic status among older Japanese adults.
Methods:  Data came from a national sample of over 4,800 Japanese adults aged 60 and older at baseline, with up to 7 
repeated observations over a period of 19 years (1987–2006). Hierarchical linear modeling was used to analyze the intrap-
ersonal and interpersonal differences in BMI.
Results:  Average BMI among older Japanese was 22.26 at baseline and decreased with an accelerating rate over time. 
Relative to those with less education, BMI among older Japanese with more education was lower and it declined linearly 
at a faster rate over time. In contrast, higher household income at baseline was associated with a higher level of BMI but 
similar rates of decline over time. Furthermore, we found no evidence for age variations in the SES–BMI linkage as pre-
dicted by prior investigators.
Discussion:  These findings provide new insights into the complex relationship between socioeconomic factors and BMI, 
and help to inform the design of health policies and interventions related to weight control among older adults with diverse 
socioeconomic backgrounds.
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Body mass index (BMI) is an important predictor of health 
outcomes, including all-cause mortality (Berrington de 
Gonzalez et  al., 2010; Flegal, Kit, Orpana, & Graubard, 
2013; Romero-Corral et  al., 2006), cardiovascular mor-
tality (Asia Pacific Cohort Studies Collaboration, 2004; 
Bogers et al., 2007), and health-care costs (Daviglus et al., 
2004). Among older adults, although obesity (BMI ≥ 30) is 

positively associated with mortality, underweight (BMI < 
18.5) is an even better predictor of an increased risk of dying 
(Flicker et al., 2010; Grabowski & Ellis, 2001). Additionally, 
given the compelling evidence that persons of lower socio-
economic status (SES) have worse health, understanding and 
alleviating SES-related health disparities have emerged as a 
key objective of public health research and policy (Adler & 
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Newman, 2002; Robert & House, 2000). A better under-
standing of the level of BMI and its rate of change over time, 
and in particular how they are associated with SES, is neces-
sary for assessing priorities related to weight control.

Research has been increasingly focused on how BMI 
changes over time among middle-aged and older adults. 
Among middle-aged Americans (51–61 at the baseline), 
BMI increased slightly over a period of 14 years, approxi-
mated by a quadric function (Botoseneanu & Liang, 2011, 
2012), whereas among Americans aged 65 and over, BMI 
declined modestly over time (Kahng, Dunkle, & Jackson, 
2004; Kuchibhatla, Fillenbaum, Kraus, Cohen, & Blazer, 
2013). In addition, the trajectory of BMI is affected by 
individual SES, in that higher education and income are 
associated with lower levels of BMI (Botoseneanu & Liang, 
2011; Kahng et al., 2004).

Concerning the linkage between SES and obesity, stud-
ies in many countries throughout the world indicate that a 
nation’s level of economic development may be an impor-
tant moderator. While lower SES has been associated with 
obesity in highly developed countries, in middle- and low-
income countries higher SES, particularly higher income, is 
associated with obesity (McLaren, 2007; Sobal & Stunkard, 
1989). On the other hand, research on the relationship 
between SES and weight change over time is largely based 
on data from developed nations. Although higher educa-
tion and occupation were inversely associated with weight 
gain, findings were less consistent when income was used as 
the measure for SES (Ball & Crawford, 2005).

Current research on BMI trajectories among older adults 
may be improved in at least two respects. First, the vast 
majority of research on BMI trajectories among older peo-
ple is based on data derived from western developed nations, 
particularly the United States. In view of the substantial dif-
ferences in social stratification, population health, health 
care, and life style between western and nonwestern socie-
ties, it is important to examine the trajectory of BMI and 
its socioeconomic determinants in nonwestern countries. 
Nonwestern countries may present socioeconomic condi-
tions not observable in the United States, and thus the gen-
eralizability of findings from western countries needs to be 
evaluated by comparing the association between SES and 
BMI trajectories in western and nonwestern countries.

Japan is an ideal setting for further research on the link-
ages between SES and the evolution of BMI in old age. 
Although Japan has a highly developed economy, its popu-
lation’s health and health behaviors differ significantly from 
those of other developed nations (Ikeda et al., 2011). For 
instance, the prevalence of obesity and overweight are sub-
stantially lower in Japan compared with the United States: 
3% and 29% in men and 3% and 21% in women. In con-
trast, 32% and 72% of men and 36% and 64% of women 
in the United States are obese and overweight (Sassi, 2010). 
In addition, the SES–health relationship among Japanese 
population may be different from that among U.S. popula-
tion, partially due to equal educational opportunities and 

access to medical care (Ikeda et  al., 2011; Kagamimori, 
Gaina, & Nasermoaddeli, 2009). To our best knowledge, 
no study to date has focused on the linkage between SES 
and the trajectory of BMI among older Japanese.

Second, there is little understanding of how the linkage 
between SES and the trajectory of BMI among older adults 
interacts with age. The theory of age stratification suggests 
that age group represents a major source of inequality in 
access to society’s rewards, power, and privileges (Riley, 
1971, 1987). These are closely associated with aging 
subculture and age norms, which may have major conse-
quences for physical and mental health and may modify 
the influence of SES on health. Two theoretical perspec-
tives inform our understanding in this regard. Based on 
the cumulative advantage theory, Ross & Wu (1996) 
assert that socioeconomic inequalities in health are larger 
among older compared with younger persons, because 
higher SES (i.e., education) increases resources which indi-
viduals can access and utilize (including economic, social, 
psychological, and healthy lifestyle resources), and the 
health benefits derived from these resources accumulate 
with time. On the other hand, House, Lantz, and Herd 
(2005) have suggested that socioeconomic disparities in 
health converge with age. Still, little is known about how 
well either of these theoretical perspectives apply to the 
issue of socioeconomic differences in BMI during old age, 
particularly in a nonwestern setting. Analyzing the SES-
by-age interaction effect on the trajectory of BMI among 
older Japanese would represent a rigorous test of whether 
socioeconomic differences in the trajectory of BMI diverge 
or converge across age groups.

Given these considerations, our study has two specific 
aims. First, we offer quantitative estimates depicting the 
trajectory of BMI by analyzing 19  years of longitudinal 
data from a national sample of Japanese aged 60 and over 
at the baseline. Second, we examine how the level of BMI 
and its rate of change vary with SES (i.e., education and 
household income) and whether SES interacts with age in 
affecting the trajectory of BMI.

We pose the following hypotheses. First, based on prior 
observations (Kahng et al., 2004; Kuchibhatla et al., 2013; 
Usami & Sugawara, 2012), we hypothesize that among 
older Japanese, BMI decreases over time (H

1). Second, 
we hypothesize that lower SES (i.e., education and house-
hold income) is associated with not only a higher level of 
BMI but also a faster rate of decline over time (H2 and 
H3). These two hypotheses are based on prior observa-
tions that lower SES was related to higher BMI among 
older Japanese women (Anzai, Ohkubo, Nishino, Tsuji, & 
Hisamichi, 2000; Tamakoshi et al., 2010), as well as that, 
among U.S.  population, higher SES were associated with 
lower levels of BMI (Botoseneanu & Liang, 2011; Kahng 
et al., 2004) and slower rate of weight gain (Mujahid, Diez 
Roux, Borrell, & Nieto, 2005). Finally, based on the per-
spective of social stratification of aging and health (House 
et al., 2005), which states that health disparities converge 
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with age, and on a previous Japanese study that identified 
a converging trend in the association between education 
and overweight (Anzai et  al., 2000), we hypothsize that 
the association between SES and BMI trajectory is stronger 
among the young–old (i.e., 60–74), relative to the old–old 
(i.e., 75+) (H4).

Methods
Sample and Procedures
Data came from the National Survey of the Japanese Elderly 
(NSJE), a seven-wave (1987, 1990, 1993, 1996, 1999, 2002, 
and 2006) longitudinal data set based on a sample of 4,869 
Japanese, 60 years of age and older, with 16,669 observa-
tions over a period of 19  years (1987–2006). NSJE began 
with 2,200 people aged 60 and over in 1987. The sample 
was subsequently supplemented in 1990 (N = 580) and 1996 
(N = 1,210). An additional sample of those 70 years of age 
and older (N = 2,000) was added in 1999. The year when a 
respondent was first interviewed was regarded as the base-
line year for each individual. Trained investigators visited 
the respondents’ homes, and face-to-face interviews employ-
ing a structured questionnaire were used to collect the data. 
Response rates for the 7 waves, calculated based on the num-
ber of people who answered as a proportion of those who were 
asked to participate at each wave, ranged from 67% to 93%. 
Responses obtained from proxy interviews were excluded. 
This study was approved by the Institutional Review Board 
of the Tokyo Metropolitan Institute of Gerontology.

Measures

Respondents’ self-reported height and weight were recorded 
at each wave. The dependent variable BMI was calculated 
according to the formula of weight/height2 (kg/m2). We 
used BMI as continuous variable in all the analytic models. 
Sample descriptive characteristics are presented according 
to BMI categories, defined as follows: underweight (BMI: 
< 18.5), normal weight (BMI: 18.5–24.9), and overweight 
(BMI: ≥25.0).

Socioeconomic status included education and annual 
household income. Education was indexed by the number 
of years of schooling, and household income was assessed 
by using five categories: “less than 1.2 million yen per 
year” (1), “1.2–3 million yen per year” (2), “3–5 million 
yen per year” (3), “5–10 million yen per year” (4) and 
“more than 10 million yen per year” (5). In the analy-
sis, household income was treated as continuous variable 
(ranging 1–5).

Age, gender, household size, marital status, current work-
ing status and health status were incorporated as covariates 
in the appropriate models. Age differences were measured 
by age at baseline, whereas a binary indicator was created 
for gender (male [0] and female [1]). Household size (con-
tinuous variable) was included to account for higher house-
hold income in households with a larger number of family 

members. Marital status (not married [0] and married [1]) 
and current working status (not working [0] and working 
[1]) were indexed as binary indicators.

Multiple measures of health status were included. First, 
total condition was measured as a count of 16 health con-
ditions (i.e., cancer, high blood pressure, heart conditions, 
diabetes, stroke, arthritis, eye disease, lung disease, chronic 
back pain, liver disease, trouble with circulation, stomach 
disease, kidney disease, anemia, Parkinson’s, and skin dis-
ease) (Ferraro & Farmer, 1999). Second, self-rated health was 
measured by a three-item composite (i.e., a rating of overall 
present health, satisfaction with one’s health, and compari-
son of one’s health with others of the same age), in accord-
ance with previous studies (Liang et al., 2007). The self-rated 
health score ranges from 3 to 15 (Cronbach’s alpha = 0.85), 
with higher score indicating poorer health. Finally, functional 
status entailed a sum of difficulties with six activities of daily 
living (i.e., dressing, walking, bathing or showering, eating, 
getting in or out of bed, and using the toilet) and five instru-
mental activities of daily living (i.e., grocery shopping, phone 
calls, climbing stairs, walking a few blocks, and traveling by 
bus or train). All items except climbing stairs and walking a 
few blocks were coded from “no difficulty” (1) to “unable to 
do” (5). Climbing stairs and walking a few blocks were coded 
on a 5-point scale in waves 1 and 2, but coded on a 4-point 
scale in waves 3 through 7. Therefore, the 4-point scale in 
waves 3 through 7 was transformed into a 5-point scale. 
Scores for this composite ranged from 11.5 to 55 (Cronbach’s 
alpha = 0.92), with higher scores indicating greater difficulty.

In addition to these covariates, we used a dummy vari-
able designating the entry wave for each respondent (i.e., 
baseline year; 1987, 1990, 1996, or 1999) to adjust for the 
difference by starting point of the survey participation. This 
variable was used as a categorical variable and added into 
the model as a dummy variable.

Data Analysis

Hierarchical linear models (HLMs) were used to chart the 
trajectory of BMI as a function of SES. The intrapersonal 
differences in the average BMI were modeled as follows in 
the Level 1 equation:

	 YiT i i i iT= + + +  Time Time2π π π ε0 1 2 	 (1)

where YiT is BMI by individual i at time T. π0i is the inter-
cept (i.e., level), π1i is the linear slope (i.e., rate of linear 
change), and π2i is the quadratic slope (i.e., rate of accel-
eration) for individual i over time. Time is the distance (in 
years) of assessment from the baseline. πki represents the 
effect of X on individual i’s BMI, and εiT is a random error 
in BMI for individual i at time T. Time was centered on its 
grand mean (5.43 years).

Interpersonal variations in the trajectories of BMI were 
specified in the Level 2 equation:

	
π β βpi p pq qi pi= + +  X  r0 Σ

	 (2)
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where Xqi is the qth covariate (e.g., age, gender, SES, house-
hold size, marital status, working status, health status, and 
entry wave) associated with individual i, and βpq represents 
the effect of variable Xq on the pth growth parameter (πp) 
(i.e., intercept and linear and quadratic slopes). rpi is a ran-
dom effect with a mean of 0. All covariates (Level 2) were 
centered on their grand mean. All models were fitted by 
using HLM version 6.08.

To minimize missing data due to item nonresponse, 
multiple imputation was undertaken. In particular, three 
complete data sets were imputed with the NORM software 
developed by Schafer (1997), and analyses were run on each 
of these three data sets with parameter estimates derived 
by averaging across three imputations and by adjusting 
for their variance. Multilevel models are predicated on the 
assumption of missing at random (MAR), in that the prob-
ability of missing depends upon only the observed data for 
either the covariates or the outcome variables, hence permit-
ting valid inference (Raudenbush & Bryk, 2002). In addi-
tion to MAR, to adjust for the selection bias, we included 
mortality and attrition due to nonresponse in the Level 2 
equation. Mortality and attrition were viewed as confound-
ing variables instead of predictors of BMI, because they can 
potentially bias the results toward healthier, longer living 
subjects who may differ in their level and rate of change 
in body weight from those who die or drop out during 
the study, particularly in older populations (Harel, Hofer, 
Hoffman, & Pedersen, 2007; Mroczek & Spiro, 2003). In 
accordance with previous studies (Botoseneanu & Liang, 
2011, 2012), binary indicators were created for mortality 
(alive at the end of study [0] and died during the study [1]) 
and attrition (completed the study period [0] and dropped 
out for reasons other than mortality and did not return in 
subsequent waves [1]), and included in the Level 2 equa-
tions in the appropriate models.

The modeling strategy involved several steps. In Models 
1 and 2, we focused on the associations of education and 
household income, respectively, with the level of BMI and 
its rate of change and acceleration, with adjustments for 
time-constant covariates (i.e., age, gender, household size, 
marital status, working status and health status at baseline, 
and death and attrition during the follow-up period). In 
Model 3, we controlled for the effect of both education and 
household income (i.e., these two SES variables were added 
into the model at the same time). Model 4 was additionally 
adjusted for baseline BMI and entry wave to examine how 
the net changes in body weight because the baseline vary 
by SES and whether entry wave differentially affects the 
trajectory of BMI. Finally, in Model 5, we examined age 
differences in the association between two SES variables 
and BMI by evaluating age-interaction effects.

Results
Table  1 presents the sample descriptive characteristics 
according to BMI category at the baseline. Mean BMI was 

22.26, with 71.70% in the normal range, 10.72% under-
weight, and 17.58% overweight at baseline. Those who 
were underweight had a higher average age than the other 
groups. The proportion of female was the highest among the 
overweight. Educational level did not vary by body weight, 
while household income was the highest among those who 
were overweight. Education was positively correlated with 
household income at baseline (Spearman’s ρ = 0.251, p < 
.001; data not shown in the table). Mortality was the high-
est among those who were underweight (53.64%) and low-
est among those who were overweight (28.62%).

Using linear, quadratic and cubic functions, we mapped 
the trajectory of BMI between 1987 and 2006. Table  2 
shows the results of the sequential multilevel models. The 
unconditional model (not shown in Table 2; available upon 
request) showed that BMI decreased following a quadratic 
(accelerating) trajectory, with an intercept (at mid-time 
point) of 22.084 (p < .001), linear slope of −0.041 (p < 
.001), and a quadratic slope of −0.0018 (p = .001), indicat-
ing that baseline BMI was 22.26 and declined to 21.18 over 
19 years (approximately 1.1 BMI unit). As the cubic slope 
coefficient was not significant in the unconditional model, 
it was not included in subsequent analyses.

In Model 1, there was a significant association between 
higher education and lower BMI (b = −0.035, p =  .043). 
This association remained significant when adjusting for 
household income at the same time in Model 3.  When 
adjusting for baseline BMI and entry wave in conjunction 
with other time-constant covariates, mortality and attrition 
in Model 4, higher education was associated with lower 
BMI (b = −0.025, p =  .011) and a greater rate of decline 
(b = −0.004, p = .022), although its acceleration (b = .0006, 
p = .021) slowed over time. As depicted in Figure 1, relative 
to those with less education, the BMI intercept among peo-
ple with more education was lower, and declined linearly 
at a faster rate

Higher household income at the baseline was associated 
with higher BMI (b = 0.138, p = .005, Model 2), and this 
association persisted after adjustment for educational level 
in Model 3, and baseline BMI and entry wave in Model 
4. As shown in Figure 2, BMI was lower and declined at a 
relatively fast but steady pace in people with lower income.

The trajectory of BMI also exhibits significant age and 
gender variations. Older age was correlated with lower 
BMI (b = −0.083, p < .001, Model 4) as well as a greater 
rate of decline (b = −0.004, p < .001, Model 4), after adjust-
ing for sociodemographic attributes and health status at 
baseline, mortality, and attrition. These age differences per-
sisted after adjustment for baseline BMI and entry wave in 
Model 4. Compared with males, females had a higher level 
of BMI (b = 0.363, p = .002, Model 3) but a greater rate of 
decline (b = −0.026, p = .018, Model 3). However, gender 
variations might be accounted for by heterogeneity in base-
line BMI and entry wave in Model 4.

Finally, we examined age variations in the SES–BMI 
linkages by evaluating the effects of interaction terms such 
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as age-by-education and age-by-income on the trajectory 
of BMI in Model 5. However, these interactions were not 
statistically significant, offering no evidence for the hypoth-
esized convergence of socioeconomic differences in BMI 
trajectory in old age.

Discussion
Based on 19  years of longitudinal data from a national 
sample, this is the first study to explore the relationship 
between SES and the trajectory of BMI in older Japanese. 
We found that BMI among older Japanese declined slightly 
but remained in the normal range (i.e., BMI: 18.5–24.9) 
over a 19-year period, from 22.26 to 21.18. This BMI level 
is substantially lower than the BMI level of 26 or greater 
observed among Americans aged 65 and over (Kahng 
et al., 2004; Kuchibhatla et al., 2013). Although both older 
Americans and older Japanese experienced a decrease in 
BMI over time, the rate of decline appeared to be slower 
among older Japanese.

The lower level of BMI among older Japanese may be 
partially explained by their dietary habits. Japanese people 
tend to consume less animal fat and more vegetables than 
people in other developed counties (Criqui & Ringel, 1994). 
Furthermore, older Japanese tend to spend more on seafood, 

fresh vegetable and fruits, and soybean products (e.g., tofu) 
than younger Japanese, who are more likely to purchase 
meat and dairy products (Ministry of Economy, Trade 
and Industry, 2012). To replicate our observations, further 
research on the trajectory of BMI among older adults is 
warranted, particularly using data from other Eastern Asian 
nations which share similar dietary habits with Japan.

Regarding the effect of education on BMI, our results 
were similar to those based on data derived from western 
developed nations in that higher education was associated 
with lower BMI, and BMI declined at a relatively faster rate 
over time among those with higher education compared to 
those with less education. These results lend support to our 
second hypothesis (H2), suggesting that the causal mecha-
nisms underlying the education-BMI trajectory are similar 
between western developed nations and Japan, despite the 
significant cultural differences. With greater knowledge-
related assets (e.g., knowledge and skills) (Galobardes, 
Shaw, Lawlor, Lynch, & Davey Smith, 2006b; Lynch & 
Kaplan, 2000) and socio-psychological resources (e.g., 
self-efficacy and problem-solving coping capacity) (Ross & 
Wu, 1995), better educated individuals are more likely to 
be able to control their weight.

Contrary to our third hypothesis (H3), there was an indi-
cation that higher household income was associated with 

Table 1.  Baseline Characteristics of the Participants (n = 4,869)

Total sample Underweight Normal Overweight

BMI 22.26 ± 3.24 17.18 ± 1.16 21.82 ± 1.75 27.13 ± 2.47
  Underweight (<18.5) 10.72 — — —
  Normal (18.5–25.0) 71.70 — — —
  Overweight (>25.0) 17.58 — — —
Age (years) 69.85 ± 7.20 72.94 ± 7.46 69.65 ± 7.19 68.81 ± 6.58
Female 55.31 57.28 52.96 63.67
Education (years) 9.16 ± 2.76 8.92 ± 2.87 9.19 ± 2.74 9.16 ± 2.75
Household income (range: 1–5) 2.87 ± 1.10 2.65 ± 1.10 2.89 ± 1.10 2.93 ± 1.12
  <1.2 million yen (1) 10.45 16.67 9.77 9.46
  1.2–3 million yen (2) 29.14 30.08 29.16 28.50
  3–5 million yen (3) 30.58 29.89 30.71 30.49
  5–10 million yen (4) 22.30 18.77 22.80 22.43
More than 10 million yen (5) 7.52 4.60 7.56 9.11
Household size 3.89 ± 2.41 4.42 ± 2.31 3.83 ± 2.41 3.80 ± 2.44
Married 67.06 56.13 68.03 69.74
Current working 31.65 21.65 32.74 33.29
Total conditions (range: 0–16) 1.23 ± 1.36 1.36 ± 1.60 1.16 ± 1.28 1.42 ± 1.51
Self-rated poor health (range: 3–15) 7.69 ± 2.81 8.45 ± 3.11 7.56 ± 2.74 7.79 ± 2.85
Functional status (range: 11.5–55) 12.56 ± 3.81 13.51 ± 5.46 12.42 ± 3.53 12.52 ± 3.60
Mortality 36.74 53.64 36.21 28.62
Attrition 20.99 15.52 21.03 24.18
Entry wave
  Wave 1 (year of 1987) 45.18 55.99 44.79 40.22
  Wave 2 (year of 1990) 7.52 5.92 7.55 8.36
  Wave 4 (year of 1996) 18.44 8.09 19.32 21.19
  Wave 5 (year of 1999) 28.86 30.0 28.34 30.24

Values represent mean ± SD or %.
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Table 2.  Hierarchical Linear Model for BMI

Model 1 Model 2 Model 3 Model 4 Model 5

b p b p b p b p b p

Fixed effect
  For intercept (π0i)
    Intercept 21.922 <.001 21.921 <.001 21.985 <.001 21.933 <.001 21.933 <.001
    Age −0.082 <.001 −0.083 <.001 −0.083 <.001 −0.041 <.001 −0.041 <.001
    Female 0.329 .002 0.432 <.001 0.363 .002 −0.064 .279 −0.062 .287
    Education −0.035 .043 −0.063 .002 −0.025 .011 −0.028 .008
    Household income 0.138 .005 0.173 .003 0.049 .040 0.059 .030
    Household size −0.075 .012 −0.064 .035 0.014 .466 0.013 .530
    Married 0.221 .042 0.167 .132 0.111 .359 −0.112 .110 −0.109 .122
    Current working 0.114 .260 −0.197 .215 −0.172 .279 0.071 .467 0.066 .527
    Total condition 0.160 <.001 0.150 .001 0.149 .001 −0.017 .487 −0.016 .513
    Self-rated health −0.065 .002 −0.054 .008 −0.058 .008 −0.009 .429 −0.009 .427
    Functional status 0.029 .177 0.029 .173 0.003 .880 0.026 .083 0.025 .090
    Mortality −0.927 <.001 −0.833 <.001 −0.922 <.001 −0.425 <.001 −0.426 <.001
    Attrition 0.035 0.767 0.028 .818 0.009 .943 0.084 .162 0.084 .030
    Baseline BMI 0.807 <.001 0.807 <.001
    Entry year: 1990a −0.113 .115 −0.116 .109
    Entry year: 1996a 0.042 .542 0.031 .646
    Entry year: 1999a 0.135 .410 0.138 .396
    Age × education −0.002 .253
    Age × household income 0.003 .531
  For linear slope (π1i)
    Intercept −0.023 <.001 −0.062 <.001 −0.063 <.001 −0.061 <.001 −0.061 <.001
    Age −0.005 <.001 −0.004 <.001 −0.004 <.001 −0.007 <.001 −0.007 <.001
    Female −0.020 .073 −0.024 .025 −0.026 .018 −0.013 .226 −0.012 .236
    Education −0.003 .121 −0.003 .120 −0.004 .022 −0.004 .017
    Household income 0.003 .490 0.004 .313 0.008 .065 0.010 .057
    Household size 0.008 .025 0.007 .035 0.004 .260 0.004 .314
    Married −0.029 .008 −0.032 .004 −0.032 .004 −0.020 .074 −0.020 .086
    Current working 0.000 .961 0.029 .111 0.027 .138 0.014 .446 0.013 .500
    Total condition −0.011 .026 −0.011 .027 −0.010 .030 −0.003 .463 −0.003 .494
    Self-rated health 0.000 .827 0.001 .656 0.001 .682 −0.001 .505 −0.001 .502
    Functional status 0.006 .036 0.006 .034 0.006 .036 0.005 .093 0.005 .100
    Mortality −0.056 <.001 −0.059 <.001 −0.061 <.001 −0.077 <.001 −0.077 <.001
    Attrition 0.011 .288 0.010 .331 0.010 .336 0.013 .214 0.013 .211
    Baseline BMI −0.031 <.001 −0.031 <.001
    Entry year: 1990a −0.021 .094 −0.022 .085
    Entry year: 1996a 0.006 .608 0.004 .731
    Entry year: 1999a 0.023 .468 0.024 .453
    Age × education 0.000 .209
    Age × household income 0.001 .493
  For quadratic slope (π2i)
    Intercept −0.0025 .008 −0.0025 .007 −0.0024 .009 −0.0017 .339 −0.0017 .339
    Age −0.0001 .317 −0.0002 .149 −0.0002 .227 0.0000 .820 0.0000 .956
    Female 0.0005 .682 0.0007 .606 0.0011 .417 −0.0005 .731 −0.0005 .734
    Education 0.0004 .052 0.0004 .056 0.0006 .021 0.0005 .079
    Household income −0.0001 .822 −0.0003 .553 −0.0006 .396 −0.0002 .860
    Household size −0.0007 .180 −0.0007 .199 −0.0005 .387 −0.0005 .349
    Married 0.0018 .183 0.0021 .133 0.0021 .133 0.0016 .311 0.0015 .327
    Current working 0.0005 .628 −0.0023 .397 −0.0022 .422 −0.0022 .440 −0.0022 .414
    Total condition 0.0001 .820 0.0002 .794 0.0001 .825 −0.0005 .462 −0.0005 .466
    Self-rated health 0.0001 .666 0.0001 .790 0.0001 .753 0.0003 .281 0.0003 .296
    Functional status 0.0009 .161 0.0009 .169 0.0009 .164 0.0007 .332 0.0007 .330
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higher BMI (Models 3 and 4). These results were robust 
regardless whether household income was modeled as a con-
tinuous variable (Table  2) or a discrete measure with five 
categories (data not shown; available upon request). These 
findings need to be interpreted in view of the following 
observations from prior researches. First, there is evidence 
that different measures of SES (e.g., education and income) 
have both common and independent pathways linking them 
to health (Robert & House, 2000). For instance, Herd, 
Goesling & House (2007) showed that education was more 
predictive than income of the onset of functional limita-
tions and chronic conditions, whereas income was more 
strongly associated with the progression of both. Second, 
among the OECD member states, Japan is about average 
in terms of income inequality (i.e., Gini coefficient = 0.329 
in late 2000s), which is substantially less than that in the 
United States (i.e., Gini coefficient  =  0.378 in late 2000s) 
(OECD, 2011). BMI among older Japanese varied very 
modestly within the normal range over the 19-year period 

of observation, and was at a substantially lower level than 
that among older Americans on which most prior observa-
tions were based. Because of the relative egalitarian nature 
of the Japanese society and its substantially lower prevalence 
of obesity and overweight, it is conceivable that the income–
BMI linkage may differ from that observed in western devel-
oped nations, particularly the United States. Third, research 
findings regarding the association between SES and BMI or 
obesity have been mixed, especially in nonwestern nations. 
For instance, Fukuda and Hiyoshi (2013) found a negative 
association between household expenditures and obesity 
among middle-aged Japanese women, but not among men. 
In addition, Martikainen, Ishizaki, Marmot, Nakagawa, 
and Kagamimori, (2001) reported that among employed 
Japanese men, higher occupational grades were associated 
with higher BMI and waist-to-hip-ratio, whereas in England, 
higher employment grades were advantaged with regard to 

Figure 1.  BMI trajectories by education at baseline (based on Model 3).
Figure 2.  BMI trajectories by household income at baseline (based on 
Model 3). 

Model 1 Model 2 Model 3 Model 4 Model 5

b p b p b p b p b p

    Mortality 0.0022 .237 0.0023 .218 0.0025 .188 0.0034 .083 0.0034 .084
    Attrition 0.0008 .523 0.0009 .478 0.0009 .494 0.0008 .598 0.0008 .563
    Baseline BMI 0.0023 <.001 0.0023 <.001
    Entry year: 1990a 0.0023 .213 0.0025 .151
    Entry year: 1996a 0.0001 .961 0.0004 .874
    Entry year: 1999a 0.0036 .566 0.0034 .602
    Age × education 0.0000 .807
    Age × household income 0.0001 .725
  Random effect (variance component)
    Intercept 7.745 <.001 7.737 <.001 8.234 <0.001 1.536 <.001 1.535 <.001
    Linear slope 0.021 <.001 0.021 <.001 0.021 <0.001 0.043 <.001 0.043 <.001
    Quadratic slope 0.000 <.001 0.000 <.001 0.000 <0.001 0.001 <.001 0.001 <.001
    Level 1 ε 2.241 2.241 2.241 1.364 1.364

aRelative to entry year of 1987.

Table 2.  Continued
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most health risk factors. This suggests that cultural varia-
tions may exist in the income–body wieght relationship.

Hence, in Japan—a relatively egalitarian society, an 
observed positive correlation between income and BMI is 
indeed plausible. Income is generally considered to reflect 
access to material conditions affecting health (e.g., better 
health-improving commodities and services) (Galobardes, 
Shaw, Lawlor, Lynch, & Davey Smith, 2006a; Lynch & 
Kaplan, 2000). One factor accounting for the relationship 
between income and BMI may be food choice and intake. 
The variety of food choices that meet nutritional needs 
among the elderly is affected by economic assets such as 
income (Dean, Raats, Grunert, Lumbers, & The Food in 
Later Life Team, 2009). Among the Japanese, higher house-
hold expenditures are associated with higher nutritional 
intake (Fukuda & Hiyoshi, 2012). In addition, the residen-
tial environment might partially mediate the link between 
income and healthy food intake. While better access to 
supermarkets is related to healthier food intake (Larson, 
Story, & Nelson, 2009), poor people tend to live in areas 
with limited access to supermarkets and, at the same time, 
with greater exposure to fast food outlets (Block, Scribner, 
& DeSalvo, 2004) and thus may have less healthy diets. 
However, the impact of nutritious food intake or malnu-
trition may depend on cultures and countries (NU-AGE, 
2012). Considering the relatively lower levels of BMI and its 
declining trajectory in our Japanese sample, nutritious food 
intake primarily contributes to maintaining an appropriate 
weight and preventing unhealthy weight loss. Indeed peo-
ple with higher household expenditures not only have bet-
ter nutritional intake, but also consume higher total energy 
(kcal/day) and total fat (%  energy) (Fukuda & Hiyoshi, 
2012). While U.S. studies have suggested that better access 
to supermarkets is related to lower levels of obesity (Larson 
et al., 2009), a recent Japanese study reported that better 
access to supermarkets was related to higher BMI among 
older people (Hanibuchi et al., 2011).

Another possible factor explaining the differential direc-
tion of the relationship between income and BMI is physi-
cal exercise. Indeed, U.S.  studies have shown that older 
adults engaged in or initiating vigorous physical activ-
ity had lower BMI trajectories compared with those who 
were consistently inactive (Botoseneanu & Liang, 2012). In 
Japan, Murakami et al. (2011) revealed that higher income 
was associated with a higher likelihood of habitual exercise 
among younger cohort, but this association tended to be 
negative among people aged 60 and over, mainly because 
of time constraints, a shorter payoff period of health invest-
ment, and less feasibility of high intensity exercise. Further 
research concerning the roles of nutrition intake and physi-
cal exercise underlying the linkage between income and 
BMI among older Japanese is certainly warranted.

We evaluated the effects of interactions between age and 
SES on BMI trajectory (H

4) in order to examine if socioeco-
nomic disparities in BMI trajectories differed between early 
and late old age (House et al., 2005), and found no evidence 

for a convergence of socioeconomic disparities in BMI with 
age. This is consistent with prior observations that health 
disparities are smaller in Japan than in the United States, 
because of equal educational opportunities and access to 
medical care (Ikeda et  al., 2011). Nonetheless, as noted 
by Kagamimori et al. (2009), health disparities have been 
increasing in Japan, which requires new policy initiatives, 
particularly given the rapid aging of the Japanese popula-
tion. At the same time, the hypotheses of cumulative advan-
tage (Ross & Wu, 1996) and convergence of socioeconomic 
disparities (House et  al., 2005) need to be further evalu-
ated, particularly with data from societies with socioeco-
nomic profiles significantly different from those observed 
in the United States.

To ascertain the robustness of our results regarding the 
association between SES and BMI trajectory, we performed 
additional examinations. First, we determined that the cor-
relation between education and household income was pos-
itive and statistically significant (i.e., higher education was 
associated with higher household income). Thus, the con-
flicting results for education and household income cannot 
be explained by a lack of correlation, or a negative correla-
tion, between these variables. In addition, education and 
household income were added into the model separately 
(Models 1 and 2). The directions of the associations of edu-
cation and household income (positive or negative) were 
the same as those in Model 3.  Therefore, the perplexing 
finding of the contrasting results for education and house-
hold income appears to be robust; as such, further research 
to find an explanation for this finding is warranted. Second, 
because earlier articles suggested gender differences in the 
SES–BMI linkage (Ball & Crawford, 2005), we conducted 
a gender-stratified analysis (shown in the Supplementary 
Table). The directions of the associations between SES and 
BMI trajectory in both genders were similar to those found 
in the full sample (Table  2). Third, because several indi-
cators, such as household income and health status, could 
have changed during the follow-up period, we performed 
additional analysis including time-varying covariates in 
the model. We treated household income, household size, 
marital status, current working status, and health status 
as not only time-constant variables but also time-varying 
variables, and added these time-varying covariates in the 
Level 1 equations of Models 3–5. However, the results were 
very similar to those generated from models without time-
varying variables (data not shown; available upon request). 
Thus, the additional analyses confirmed the robustness of 
our findings.

In addition to sociodemographic factors, health sta-
tus also had a significant impact on BMI trajectories. 
We included three health status indices and the direction 
of the association with the BMI trajectory varied among 
these indices. For example, a higher score of total condi-
tion (i.e., greater disease burden) was associated with a 
higher level of BMI (b = 0.149, p = .001, Model 3), while 
a higher score of self-rated health (i.e., worse self-rated 
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health) was associated with a lower BMI level (b = −0.058, 
p  =  0.008, Model 3). Moreover, we found a significant 
interaction between total condition and household income 
on the linear slope when adding this interaction term in 
Model 4 (data not shown; available upon request); this 
indicates that people with higher disease burden and lower 
household income had a faster linear decline in BMI over 
time compared with those with a lower disease burden 
and lower household income. Thus, disease burden had 
an important role on the relationship between household 
income and BMI. In previous research, Newsom et  al. 
(2012) showed that the vast majority of individuals did not 
make major lifestyle changes following diagnosis of a seri-
ous chronic disease, either in the short term or in the long 
term. However, few have studied the role of health status 
on the trajectory of BMI. Further examination of not only 
the direct effect of health status on the BMI trajectory, but 
also a possible mediating effect of health status on the SES–
BMI association should be conducted.

This research has several limitations. First, we relied 
on self-reported measures of height and weight instead of 
objectively measured values. People tend to over-report 
their height and underreport their weight (Gunnell et al., 
2000), thus the level of BMI may be underestimated. 
However, if the level of under/over-reporting is relatively 
constant over time, the estimation of BMI trajectories 
over time should not be biased by misreporting. Second, 
because our sample consisted of only respondents aged 60 
and over, a proper examination of whether one’s life history 
of BMI change (i.e., the levels of BMI in their young and 
middle age) moderates the effects of social stratification 
on the BMI trajectory was not possible. Previous studies 
using younger cohorts have shown that social stratification 
(e.g., age, gender, and SES) in young adulthood was asso-
ciated with BMI trajectories (Clarke, O’Malley, Johnston, 
& Schulenberg, 2009; Fuemmeler et al., 2012). Therefore, 
future studies are needed to fully evaluate the lifelong rela-
tionship between socioeconomic factors and BMI trajecto-
ries. Third, period effects may influence the results of this 
study. For example, during our observation (1987–2006), 
several health policies to promote healthy lifestyles were 
initiated in Japan, such as the “Active 80 Health Plan” in 
1988 and “Healthy Japan 21” in 2000. The trajectories of 
BMI may be influenced by these health policies related to 
weight control. Fourth, our analysis did not include vari-
ables assessing interpersonal relationships, such as spousal 
information (e.g., spouse’s weight level, educational level, 
and occupational status) or social networks. It has been 
previously reported that obesity spreads through social ties 
(Christakis & Fowler, 2007), so the effect of these factors 
on BMI trajectory should be tested in future studies.

This research provides new insights concerning the com-
plex dynamics underlying the linkages between SES and 
BMI. It reveals that among older Japanese, the trajectory of 
BMI is at a substantially lower level and tends to be more 
stable relative to those reported in Western populations. 

Despite the fact that education and income are positively 
correlated, they appear to have distinct effects on how BMI 
evolves over time in old age. Whereas higher education is 
associated with a lower BMI and a faster rate of decline, 
higher income is correlated with higher BMI and a slower 
rate of decline. Furthermore, we did not find evidence that 
socioeconomic differences in the trajectory of BMI vary 
by age, as suggested by prior research in the United States. 
These results indicate cross-cultural differences the SES–
BMI linkage and argue for the need for future research 
to specify the factors responsible for these differences and 
their association with various aging outcomes. Based on 
the findings, we can inform the design of health policies and 
interventions aimed at promoting and maintaining health 
in late life. It underscores the importance of targeting both 
socioeconomic factors as well as cultural factors, in the 
design of interventions for weight control. International 
health policies may require sensitivity to cross-national 
variations in the socioeconomic covariates of how BMI 
changes over time.
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