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Japan has experienced a remarkable dietary transition in
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Abstract

Objective: To examine 44-year trends in height, weight and BMI, and the preva-
lence of overweight/obesity and underweight in the elderly Japanese population
because Japan, the country with the longest life expectancy, has the highest ageing
population.

Design: Using the nationally representative cumulative data from the Japan
National Health and Nutrition Survey 1973-2016, sex-specific and age-adjusted
mean height, weight and BMI, and the prevalence of overweight/obesity and
underweight were calculated for each year. Trend analyses were performed using
the Joinpoint Regression Program. Next, changes in height, weight and BMI, and
the prevalence of overweight/obesity and underweight were estimated for each
age group (65-69, 70-79 and >80 years) according to the birth year groups.
Seiting: Japan.

Participants: Individuals aged >65 years with complete data on height and body
weight measurements (V94 508).

Results: Trends in average height and weight increased over the four decades
in both men and women. The prevalence of overweight/obesity dramatically
increased and nearly tripled in men, accompanied with significantly decreased
underweight prevalence. Furthermore, the increasing trend in average BMI and
overweight/obesity prevalence in women reached a peak in 2002 and showed
a decreasing trend thereafter, while a downward trend in underweight prevalence
showed a gradual increase in women since 2003.

Conclusions: Trends in height, weight and BMI among the elderly population
should continue to be closely monitored in parallel with the effects of dietary
changes, energy intake and physical activity (step counts).

Japan, the country with the longest life expectancy
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the decades following World War II"-®. Dietary transition
together with the expansion of urbanisation, socioeco-
nomic changes and less physical activity has been
associated with the epidemic of obesity/overweight and
lifestyle-related non-communicable diseases and has
become a significant health issue in recent years™.
Although Japan has the lowest prevalence of obesity
among developed countries, the mean BMI has consis-
tently increased in both men and women since the
1970s, and approximately 30 % of men are overweight®.
In contrast, the mean BMI in young women has decreased,
and excessive thinness in young women is also regarded as
a public health concern in Japan©®2.
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has the highest ageing population in the world, with >28 %
representing the elderly population (aged >65 years)'?,
Thus, a practical nutritional assessment of the elderly by
evaluating the anthropometric status (such as BMD is particu-
larly essential for developing better healthcare policies for
healthy ageing.

Adult height can be a useful indicator of the nutritional
status and health of a population, which is determined
based on the nutritional status in their early life™". Being
taller is associated with enhanced longevity and a decreased
risk of mortality from stroke, CVD, etc.!>'%_ Several cross-
sectional studies in Japan have reported secular trends in
height, weight and BMI of children, adolescents, young
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adults and the middle-aged population>™'®. However, evi-
dence remains sparse for Japanese elderly populations
regarding changes in trends in height, weight, BMI and
other anthropometric parameters. There is evidence that
anthropometric status such as height, weight and BMI are
important markers of health in the elderly. For example, a
previous report estimated that a 2—4 cm decline in peak
height occurs during a person’s lifetime, probably owing
to a decrease in bone and muscle mass''?. Malnutrition
and frailty are also important issues to be addressed in the
elderly population®”. Therefore, understanding the factors
(such as the prevalence of overweight, underweight and
other anthropometric parameters) that may predict the
quality of life and wellbeing among the elderly population
has become increasingly important for dynamic ageing.
Therefore, this study aimed to examine the trends in
height, weight and BMI distribution during a 44-year interval
of dietary transition among the Japanese elderly population,
and to provide the annual variation in descriptive informa-
tion on the total prevalence of underweight or overweight/
obesity within this population as a measure of population
wellbeing.

Methods

Data sources and Japan National Health and
Nutrition Survey outlines

We used data from two cross-sectional annual surveys — the
Japan National Nutrition Survey (J-NNS) and the Japan
National Health and Nutrition Survey (J-NHNS) from
1973 to 2016 - with permission from the Ministry of
Health, Labour and Welfare of Japan®". J-NHNS was pre-
viously called J-NNS (1973-2002)®. It is unique because
height and weight measurements of the Japanese popula-
tion have been conducted annually since 1946. After the
US occupation of the Okinawa prefecture (a prefecture is
equivalent to a province in Japan) ended in 1972, all
forty-seven prefectures have participated since 1973.
Occasionally, when huge natural disasters such as severe
earthquakes occurred, the affected prefectures were exempt
from participation.

Methodological details of J-NNS and J-NHNS are
described elsewhere®2V. In brief, participants were house-
hold members aged >1 year living in the 300-unit blocks
(approximately 5700 households; N 15 000) that were ran-
domly extracted from the unit blocks of the Comprehensive
Survey of Living Conditions of each year, stratified by
prefecture and sampled according to the population size,
except for 2012 and 2016, where expanded surveys were
conducted. For these 2 years, ten-unit blocks consisting
of 2010 census units were randomly sampled from each
prefecture, except for the most densely populated Tokyo,
where fifteen units were sampled. This tripled the sample
size compared with the size of the usual survey year
(approximately 23 750 households; N 61 000). In 2011,
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Iwate, Miyagi and Fukushima prefectures were excluded
from the survey because of the Great East Japan
Earthquake, and Kumamoto prefecture was excluded in
2016 because of the earthquake in April 2016 and
Typhoon No. 10 in August 2016.

Sample size and antbropometric measurement

The present analyses were limited to individuals aged
>065 years who had complete data on height and body
weight measurements (V94 508). More than 90 % of the
participants’ height and body weight were measured by
trained fieldworkers using standardised procedures. For
the remaining participants (approximately 10 %), height
and weight were measured either by other household
members at home, or self-reported. Height (to the nearest
0-1 cm) and weight (to the nearest 0-1 kg) were measured
while the participants were barefoot and wearing light
clothes only. However, data regarding height and weight
measurements (direct or by self-report) were available only
after the 2012 survey.

BMI was calculated as weight (in kg) divided by height-
squared (m?). Underweight was defined as BMI <185 kg/m?,
and overweight/obesity as BMI >25-0 kg/m? according to
the WHO BMI cut-offs for Asian adults®?. Extreme values
of height, weight and BMI data were excluded (height
<120 cm; weight <20 or >150 kg; BMI < 13 or >40 kg/m?;
N 966). Finally, a total of 93 542 subjects, that is, 40 503 men
and 53 039 women, were included in the analysis.

Age standardisation

As the distribution of age differed across surveys, height,
weight, BMI and the prevalence of underweight and over-
weight/obesity were adjusted to the 2010 Population
Census using five age groups, namely 65-69, 70-74, 7579,
80-84 and >85 years, and anthropometric measurements
using the direct method. The 2010 census survey was
chosen because it was the last census survey conducted
before the Great East Japan Earthquake in 2011.

Statistical analysis
Sex-specific and age-adjusted mean height, weight and
BMI and the prevalence of overweight/obesity and under-
weight were calculated for each year. For the expanded
2012 and 2016 J-NHNS data (with three times the sample
size of a usual survey), weighing was performed to correct
the differences in the number of households in each prefec-
ture. Weight for the number of households in each prefecture
was calculated by dividing the total number of households
during the previous 3years in each prefecture by that of
2012 and 2016 (e.g. total number of households in each pre-
fecture in 2009-2011/number of households in each prefec-
ture in 2012)??. Prefecture-specific weight values are shown
in the online Supplemental Table S1.

Trend analyses were performed using the Joinpoint Reg-
ression Program (version 4.2; National Cancer Institute, USA,
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http://www.surveillance.cancer.gov/joinpoint). Joinpoint
regression analysis (also known as piecewise linear regres-
sion) uses the statistical criteria to determine the minimum
number of linear segments needed to describe a trend and
determine the annual percentage change (APC) for each seg-
ment. The response variable for the analysis was the natural
logarithm of the age-standardised mean height, weight, BMI,
the prevalence of overweight/obesity and underweight;
the independent variable was surveys from 1973 to 2016
stratified by sex. The range of the number of joinpoints to
be tested was set between 0 and 4, and the optimal number
for the joinpoint model was selected using the Monte Carlo
permutation method, which tests whether a change in the
trend is statistically significant®>,

Next, participants’ birth years were grouped by decade,
leading to six birth year groups: <1899, 1900-1909, 1910-
1919, 1920-1929, 1930-1939 and >1940. The first birth year
group (£1899) contained only participants aged 70-79 and
>80 years; the second (1900-1909), third (1910-1919),
fourth (1920-1929) and fifth (1930-1939) groups included
all three age groups (65-69, 70-79 and >80 years); and the
last birth year group (>1940) included data only for those
aged 65-69 and 70-79 years. Trend analyses were per-
formed for height, weight, BMI and the prevalence of over-
weight/obesity and underweight in each age group (65-69,
70-79 and >80 years) according to birth year group. Trends
according to birth year were analysed using the general lin-
ear model and the Cochran-Armitage trend test. Statistical
analyses were performed using the SAS statistical software,
version 9.4 (SAS Institute Inc.). All reported P values were
two-tailed, with a P value <0-05 considered statistically
significant.

Results

General characteristics of participants

Table 1 describes the general characteristics of the 93 542
study participants and the mean age, height, weight, BMI
and the prevalence of overweight/obesity and under-
weight in 40 503 (43-3 %) men and 53 039 (56-7 %) women.
The mean ages were 72-9 and 73-4 years in men and women,
respectively. The prevalence of overweight/obesity was
22:5 and 26-8% in men and women, respectively, and the
prevalence of underweight was 8:6 and 97 % in men and
women, respectively. Furthermore, the mean age of the
participants increased significantly among both men and
women (P < 0-001) according to the survey year. The mean
age was 72:0 and 71-8 years for men and women in 1973,
and 739 and 74-5years in 20106, respectively (online
Supplemental Table S2).

Trends in average BMI, beight and weight
The trends in average BMI, height and weight adjusted
for age groups are shown in Fig. 1. Joinpoint regression
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analysis showed a significant increase in age-standardised
average height and weight of both men and women from
1973 to 2016 (Fig. 1a and b). From 1973 to 2016, the aver-
age height among the elderly Japanese increased by
0-1% per year in both men and women (Fig. 1a). The
trend in age-standardised average weight increased over
time from 1973 to 2016 with an APC of 0-5 % in men. The
average weight in women showed a significant annual
increase of 0-4 % from 1973 to 2002, followed by 0-1 %
from 2002 to 2016 (Fig. 1b). Joinpoint regression analyses
identified a change in the trend for average BMI in 2007
among men with a significant increase in APC of 0-3%
from 1973 to 2007, and 0-1% from 2007 to 2016. For
women, APC was 0-2 % from 1973 to 2002, and a signifi-
cant decrease in APC of 0-1 % was subsequently observed
(Fig. 1c, online Supplemental Table S3).

Trends in the prevalence of overweight/obesity
and underweight

The trends in the prevalence of overweight/obesity
increased over time from 1973 to 2016, with an APC of
2:2% in men. In contrast, a significant change in trends
was identified in 2002 in women, with an increase in
APC of 1-0 % from 1973 to 2002, and thereafter, a significant
reverse trend with an APC of -1:5% was observed in
women. The prevalence of underweight showed a signifi-
cant decreasing trend, with an APC of 3-2 % from 1973 to
2016 in men, while a significant decreasing trend with an
APC of 1-9% from 1973 to 2003, followed by a gradual
increase in APC of 0-9 % (non-significant) from 2003 to
2016, in women (Fig. 2).

Trends according to the birth year

Figures 3 and 4 show the mean height, weight, BMI and
the prevalence of overweight/obesity and underweight
in men and women according to the birth year group
for each age group (65-69, 70-79 and >80 years). A sig-
nificant increasing trend in mean height, weight, BMI
and the prevalence of overweight/obesity while a signifi-
cant decreasing trend in the prevalence of underweight
was observed across birth year groups in men of all age
groups (P for trend <0-001). For women, a significant
increase in mean height and weight was observed (P for
trend <0-001) from the first (<1899) to the last (>1940) birth
year groups across all age groups, except for women aged
65-09years, and no difference in mean weight was
observed for the last two birth year groups (1930-1939
and >1940). Women in the >80 years age group showed
an increase in mean BMI and the prevalence of over-
weight/obesity and a decreasing trend in the prevalence
of underweight in all birth year groups from <1899 to
1930-1939. For women aged 65-69 and 70-79 years, an
increased mean BMI, an increased prevalence of over-
weight/obesity, and a decreased prevalence of underweight
were only observed in participants born before 1940.
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Table 1 General characteristics of elderly Japanese participants from the 1973-2016 Japan National Health and Nutrition Survey

Men

Women

Number of subjects (93 542)

n 40503 (43-3 %)

n 53039 (567 %)

Birth year groups 1899 1900-1909  1910-1919  1920-1929  1930-1939 >1940 >1899  1900-1909  1910-1919  1920-1929  1930-1939 1940
65-69 years
Height (cm) 157-9 158-8 160-9 162-5 165-0 1451 146-4 1482 150.0 151.9
Weight (kg)* 54.2 55-8 58.7 62-0 64-7 48-5 49-6 514 53-3 53.2
BMI (kg/m?) 21.7 221 22.7 235 237 230 232 234 237 231
Overweight/obesity (%) 14.7 16-7 21.7 29-6 305 28-0 29-5 309 323 26-1
Underweight (%) 14.3 10-5 8-2 4.2 32 111 9.0 7-6 4.9 7-2
70-79 years
Height (cm) 155.6 1571 158-4 160-2 161.7 163-5 141-4 143-3 145.0 146-8 148-6 150-4
Weight (kg)* 51.0 531 55-3 58-3 61-4 63-1 43-8 46-3 48-1 50-4 514 521
BMI (kg/m?) 21.0 21.5 22.0 22.7 235 236 219 225 229 234 23-3 23.0
Overweight/obesity (%) 116 12-8 16-6 216 29-1 29-8 18-9 239 26-5 30-6 285 25.0
Underweight (%) 219 15-1 11.9 8.7 4.7 4.2 16-6 129 107 8-1 7-6 85
>80 years
Height (cm) 153-6 155.7 157-3 158.7 159-9 139-4 141-4 1431 144.6 146-4
Weight (kg)* 49-4 51.5 53-9 56-4 59.0 42.0 43-6 45.2 470 49.0
BMI (kg/m?) 209 21.2 21.8 224 231 216 21.8 221 225 229
Overweight/obesity (%) 110 10-3 141 185 25.2 16-3 175 204 228 25.7
Underweight (%) 23.0 19-0 14.8 10-6 67 19-0 17-3 16-4 13-2 9:0

*Mean values of height, weight and BMI are shown.
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Fig. 1 Trends in mean height (a), mean weight (b) and mean BMI (c
National Health and Nutrition Survey. ®, men observed value;
modelled value

A sudden decrease in mean BMI and the prevalence of
overweight/obesity and an increase in the prevalence of
underweight were observed in women, aged 65-69 and
70-79 years, born after 1940 (Figs 3 and 4).

Discussion

This current study describes the secular trends in age-stand-
ardised mean height and weight, mean BMI and the preva-
lence of overweight/obesity and underweight in the elderly
Japanese population (age >65years) during the past
44years based on the data from the 1973-2016J-NNS
and J-NHNS. Average height and weight increased over
the four decades in both men and women. The prevalence
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) for men and women aged >65 years from 1973 to 2016 Japan
, men modelled value; a, women observed value; ——, women

of overweight/obesity dramatically increased and nearly
tripled in men, accompanied by a significant decrease in
the prevalence of underweight. However, in women, we
found that the increasing trend in average BMI and the
prevalence of overweight/obesity reached a peak in
2002 and showed a decreasing trend thereafter, whereas
the downward trend in the prevalence of underweight
showed a gradual increase in women since 2003. This dis-
crepant trend in the prevalence of overweight/obesity and
underweight among the Japanese women may be a unique
feature that has not been observed in western and other
populations. A previous study also reported that in the
elderly population, ‘anorexia of ageing’ is more obvious
in women, possibly resulting in poor nutritional status
and lower BMI®??,
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Fig. 2 Trends in age-adjusted prevalence of overweight/obesity (a) and underweight (b) for men and women aged >65 years from
1973 to 2016 Japan National Health and Nutrition Survey. ¢, men observed value; -- - -- , men modelled value; a, women observed

value; , women modelled value

A higher prevalence of thinness among the young
Japanese women has been previously reported®®; how-
ever, in this study, the elderly women also showed a
decrease in mean BMI after 2002, and an increase in the
prevalence of underweight after 2003. One of the possible
factors associated with this observation may be the
increased awareness and consciousness of body image
and body weight control accompanied by the announce-
ment of the National Health Promotion Movement in the
21st century, Health Japan 21 (2000) and the enactment
of the Health Promotion Law (2003)%7.

Human height has steadily increased over the past two
centuries"™. Trends of height increase in the elderly
Japanese population may be because of improvements in
health and nutrition in the second half of the 20th century@®.
A dramatic secular increase in the height of Japanese citizens
since World War II has been suggested because of dietary
transitions towards a modern western dietary pattern during
the post-war period®. Westernisation of the Japanese diet
may also be associated with increased BMI and prevalence
of obesity?.

In men, a significant joinpoint change in mean BMI was
identified in 2007, and the rate of increment in BMI slowed
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down after 2007. This may be because of the introduction
of the new screening and interventional programme
for metabolic syndrome in middle-aged adults, called
‘Specific Medical Check-ups and Specific Health Guidance’
in 20084132

The analyses of trends according to the birth year
showed that recently born participants were taller and
heavier across all age groups of both genders. However,
a sudden decrease in BMI and the prevalence of over-
weight/obesity and a sudden increase in the prevalence
of underweight were found among the most recently born
women (>1940) in the 65-69 and 70-79 years age groups.
These findings are thought to be associated with the restric-
tion of food supply during World War II; children born
during this period experienced food shortages during
both their childhood and early adult life®®. Some studies
suggest that nutritional status in early life could affect body
composition and the susceptibility to either obesity or thin-
ness in later stages of life®+3

The current study is the first to report changes in the
trends of anthropometric measurements over a 44-year
period by birth year in the elderly population in terms of
population averages. A strength of the present study is that
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>90 % of participants’ height and body weight were mea-
sured by trained fieldworkers using standardised proce-
dures, rather than being self-reported. However, the
study also had some limitations. When interpreting the
trends of increase or decrease in height, weight, BMI and
the prevalence of overweight/obesity or underweight, it
is important to consider epidemiological factors that affect
these trend changes, such as dietary habits, nutritional sta-
tus, physical activity or exercise habits. Therefore, secular
trends in mean BMI and the prevalence of overweight/
obesity and underweight in the elderly population should
be closely monitored in parallel with the effect of dietary
changes, energy intake and physical activity (step counts).
Moreover, it is well known that body composition changes
with ageing®*3”, and for the elderly, their physical well-
being depends on their physical activity levels®®.

0.1017/51368980019004828 Published online by Cambridge University Press

Moreover, BMI does not reflect the amount or location of
body fat mass®?, thus failing to identify the loss of fat-free
mass (such as skeletal muscle mass) with ageing®74?,
Finally, although >90 % of participants’ height and weight
were measured by trained fieldworkers, approximately
10 % of participants” height and weight were self-reported.
Previous studies have suggested that the discrepancy
between self-reported and measured height and weight
rises with age, and underestimation of excess weight by
self-reported values has also been reported in older
adults“1:42),

In summary, this current study demonstrated positive
secular increases in height, weight and BMI among the
elderly Japanese (aged >065years) for the period from
1973 to 2016. However, particular attention should be paid
to a rapid increase in the prevalence of obesity among
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elderly Japanese men. Comprehensive intervention strate-
gies should include periodical monitoring, education on
healthy dietary behaviour, physical exercises and appropri-
ate body weight control in elderly women. Further studies
are needed to determine the underlying background of
the changes in the trends of these anthropometric parame-
ters in the elderly Japanese population.
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