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1. Background Information

The energy obtained by the body through external sources is used for the maintenance
of vital functions, and performance of physical activity. Most of this energy is ultimately
released from the body in the form of heat. Energy intake, expenditure, and accumulation in the
body, therefore, are expressed in their equivalent calorific values. The unit for energy in the
International System of Units is joule (J), although calorie (cal) is often used in nutrition science.
Since “1 J” is an extremely small unit, it is more practical to use kJ (or MJ) and kcal. The unit
“kcal” is used in the current Dietary Reference Intakes (DRIs) 2015. In accordance with the
Joint Food and Agriculture Organization of the United Nations (FAO)/World Health
Organization (WHO) Special Technical Committee Report 1, 1 kcal = 4.184 kJ.

Energy intake is the sum of each energy conversion factor (amount of energy used per
g of each component) calculated for the fats, proteins, and carbohydrates contained in foods.
Energy expenditure, meanwhile, is classified into three categories, namely basal metabolism,
postprandial thermogenesis, and physical activity. Physical activity is further divided into
exercise (intentionally performed to improve physical fitness), activities of daily living, and
spontaneous activity (such as postural and muscle tone maintenance).

Energy balance is defined as the balance between energy intake and energy
expenditure. In adults, changes in energy balance results in changes in body weight and body
mass index (BMI). If individuals’ energy intake continues to exceed their energy expenditure
(positive energy balance), their body weight increases; however, if their energy expenditure
exceeds their energy intake (negative energy balance), their body weight decreases. Short-term
energy imbalance, therefore, can be assessed through changes in body weight. Moreover,
energy imbalance can be adjusted on a long-term basis through reciprocal changes in energy
intake, energy expenditure, and body weight. For example, if excessive energy intake continues
over a long period of time, the energy expenditure increases due to changes in the exercise
efficiency associated with weight gain. Weight gain eventually levels off at a certain amount,
and the body transitions to a new state in which the energy balance is maintained. In many
adults, maintaining a relatively constant body weight and body composition over a long period
of time can result in a state in which the energy balance is maintained at almost zero. Energy
intake and expenditure are almost equal even in individuals with obesity or malnourishment if
no changes in body weight or composition occur. It is, therefore, insufficient, from the
perspective of maintaining and promoting health and preventing lifestyle-related diseases
(LRDs), to simply satisfy the required intake of energy without excess or deficiency. It is
important to consume the amount of energy sufficient to maintain a desirable BMI. This is why
BMI has been adopted in the current DRIs as an indicator of the maintenance of energy intake
and expenditure balance.
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2. Energy Intake and Expenditure
2-1. Factors Involved in Energy Intake and Expenditure

Various factors, and their interactions, influence energy intake, such as the nutrient
composition of meals (energy density*?), the energy intake ratio from fats®%, amount of
proteins® and dietary fiber®, and other characteristics of food (taste, color, texture, and
palatability),”® as well as eating patterns (portion sizes®, eating speed®), meal time zone®V,
and number of foods("1?).

Food selection and dietary patterns are influenced by various external and social
factors, in modern society: the convenience of obtaining food®®, snack intake*, communal
dining®?, TV viewing®, food advertising on television®, food prices"”, and internal and
subjective factors such as stress*® are also involved, in addition to the intentional control of
intake by individuals.

The mechanisms regulating appetite and satiety in vivo*®29 involve the transmission
of satiety signals from the liver to the hypothalamus via the vagus nerve, and various appetite-
related hormones associated with dietary intake derived from the gastrointestinal tract and
pancreas. Various external and internal factors also ultimately control intake by transmitting
signals to the hypothalamus via the cerebral cortex. Furthermore, hormones secreted from
adipocytes act on the hypothalamus to adjust intake and to maintain a certain amount of body
fat (lipostat theory)@Y. Factors such as lack of sleep®?, physical activity®*?4, sex®®, menstrual
cycle®®, and genetics®” also influence the amount of intake.

Energy expenditure is composed of parts that vary intentionally (exercise, and
activities of daily living), and those that are biologically defined (basal metabolism,
postprandial thermogenesis, and spontaneous activity). Energy expenditure during exercise and
activities of daily living is determined based on the body weight and degree of obesity. Basal
metabolism is determined by factors such as body weight, body composition, age, and sex, and
is also affected by energy balance. Postprandial thermogenesis is equivalent to approximately
10% of the calorific value of energy intake, and is also affected by the nutrient composition of
foods such as proteins®®. Expenditure for both activities of daily living and spontaneous
activity is referred to as non-exercise activity thermogenesis (NEAT). NEAT is affected by
energy balance®®39, and the degree of obesity®V.

Energy intake and energy expenditure, therefore, constitute factors that are influenced
by individual biological and external factors, and those that can be controlled intentionally; in
addition, these factors are interrelated. When strategically managing energy intake for the
maintenance and promotion of health, and prevention of LRDs, it is best to consider facilitation
of energy intake control after acquiring a full understanding of the effect of these factors.
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2-2. Relationship between Energy Intake, Energy Expenditure, and Estimated Energy
Requirement

The methods of estimating energy requirement are broadly divided into those that
estimate energy intake under constant weight conditions, and those that measure energy
expenditure. Energy intake measurement includes various dietary assessments, while energy
expenditure measurement involves the doubly labeled water method, and calculation methods
using sex, age, height, body weight, and measured values for basal metabolism and physical
activity level (PAL). The doubly labeled water method directly measures energy expenditure.
Any types of dietary assessment methods can produce large measurement errors for energy
intake. It is, therefore, very difficult to estimate energy requirement from energy intake
estimation methods. For this reason, the method in which the energy requirement is estimated
closer to the energy expenditure than the energy intake is widely used (Figure 1). The doubly
labeled water method, in particular, can directly measure (somewhat habitual) energy
expenditure over approximately 2 weeks, and has high measurement accuracy. Therefore, it
provides useful basic data for the estimation of energy requirement®?. Energy requirement can
be estimated according to PAL, as well as sex and age group. However, individual differences
in energy requirements, that cannot be estimated using these methods but cannot be ignored,
exist®®, Therefore, it is difficult to estimate energy requirement, at an individual level, even
when the energy requirement is estimated taking into account PAL, using the energy
expenditure obtained from the doubly labeled water method. This also includes estimation
formulas using factors such as basal metabolism and PALGY. Moreover, different methods are
used to measure energy intake and consumption, and each method has its own measurement
errors. Thus, there is little sense in comparing measured energy intake, and measured energy
expenditure.

The results of energy balance are expressed as BMI, and changes in body weight.
Therefore, it is possible to acquire an overview of energy balance, if the BMI and changes in
body weight are known. However, it should be noted that, while BMI and changes in body
weight merely indicate one of the results of energy balance, they do not indicate energy
requirements.

35



Il Energy and Nutrients
Energy

Estimation of energy requirement

Intake Expenditure

L Dietary assessment ~| Doubly-labeled water method Ii

% Basic metabolicrate (BMR)

~| Physical activity level (PAL) -

Estimation formula (based on BMR, PAL,
gender, age, height, and weight)

ol -
Estimated energy |
_______________ requirement 1
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Figure 1 Measurement methods for estimation of energy requirement and association with change

in body weight, BMI, or estimated energy requirement

3. Body Weight Control
3-1. Basic Concept

If the level of physical activity remains unchanged, energy intake control is almost the
same as that of body size. It is, therefore, best to assess and change energy intake and
expenditure by calculating the results of measurements of body size. In doing so, measurements
of estimated energy requirements, using an estimation formula, or measurements of energy
intake and supply should not be used. To make these changes, the desired body size must be
determined in advance.

As no significant changes in height occur after an individual enters adulthood, body
size is primarily controlled by body weight. To control body weight in adults, taking into
account differences in height, BMI is primarily used as a body size index. Under normal
circumstances, fat--including subcutaneous and visceral fat--and tissues other than fat
(primarily muscle) need to be considered. One of the ways to do so is measuring waist
circumference. Some reports state that waist circumference or its ratio to height is more strongly
correlated with the incidence of diabetes and cardiovascular disease and total mortality than
BMI®5%) However, due to the many accumulated research outcomes, and BMI being the most
basic body size index, body weight and BMI are used as the body size indices here. It is
recommended to take into account waist circumference as well, when preventing the
development and progression of diabetes and cardiovascular disease.

Distribution curves (growth curves) for the height and body weight of Japanese people
of a relevant sex and age are used for infants and children.

A high level of physical activity is an effective means of preventing and improving
obesity®”, and a PAL of 1.7 or higher is recommended to prevent unhealthy weight gain©®). A
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high level of physical activity has also been found to be related to a decrease in total mortality,
independent of body weight®®49), From the standpoint of preventing the development and
progression of the LRDs associated with weight gain, having a low PAL (level I) is not
advisable; energy needs to be balanced by increasing the level of physical activity.

3-2. Prevention
3-2-1. Basic Concept

To determine a healthy body weight using BMI, in adults, it is necessary to define what
is considered “most healthy” in advance, and to examine the effect of BMI on health. A BMI
state in which the all-cause mortality (total mortality) was the lowest was considered “healthy”
in the current DRIs. Another possible concept is the BMI, at which individuals have the least
number of diseases and adverse health effects, at a certain point in time (prevalence), being
considered “healthy”. However, the mortality is not necessarily high for diseases or highly
prevalent adverse health effects. Therefore, care must be taken, considering that mortality and
disease prevalence are not always the same, and that BMI showing lowest rates mortality does
not necessarily show corresponding decrease of the latter.

It is also inappropriate to use total mortality in the case of infants and children, and
body weight control during pregnancy.

3-2-2. Methods Using Total Mortality as an Indicator

According to a meta-analysis that summarized the correlation between BMI, at the
start of follow-up, and subsequent total mortality, using data from 57 cohort studies in 35-89-
year-old individuals (conducted in Europe and the United States of America; total sample size:
894,576 individuals), the lowest mortality was seen in the group with a BMI of 22.5-25.0 kg/m?
(in both men and women) after adjusting for age®Y). However, an analysis of non-smokers alone,
conducted with the aim of eliminating the effect of increased mortality and weight loss due to
smoking, found that having a slightly lower BMI resulted in the lowest mortality®?. The results
of studies in Japan and neighboring East Asian countries need to be referenced in addition to
the results of studies in Europe and America. The correlation between BMI (kg/m?), at the start
of follow-up, and subsequent mortality, in a pooled analysis of two representative cohort studies
and seven other cohort studies, in healthy individuals in Japan, is presented in Figure 24349,

Representative reports from neighboring East Asian countries are also summarized in Figure
3(46-48)
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Figure 2. The association between BMI at baseline and mortality among normal subjects in JPHC

study, JACC study, and a pooled analysis of 7 large-scale cohort studies®34%

The intermediate values of the BMI ranges studied were shown as plots. The result was not shown if the maximum or
minimum value of the highest or lowest BMI categories was not available.

JPHC study: The reference category was BMI=23.0-24.9kg/m?2. The range of age at baseline was 40-59 years, the mean
follow-up duration was 10 years, the analytic sample was 19,500 men and 21,315 women, and the number of death was 943
men and 483 women. The analysis was adjusted for residential area, age, body weight change around 20 years old, alcohol
drink, leisure physical activity and educational background.

JACC study: The reference category was BM1=20.0-22.9kg/m?. The range of age at baseline was 65-79 years, the mean
follow-up duration was 11.2 years, the analytic sample was 11,230 men and 15,517 women, and the number of death was
5,292 men and 3,964 women. The analysis was adjusted for smoking status, alcohol drinking, physical activity, sleep duration,
stress, educational background, marital status, green-vegetable intake, history of stroke, history of myocardial infarction and
history of cancer.

A pooled analysis of 7 large-scale cohort studies: The reference category was BMI=23.0-24.9kg/m?. The range of age
at baseline was 40-103 years, the mean follow-up duration was 12.5 years, the analytic sample was 162,092 men and 191,330
women, and the number of death was 25,944 men and 16,036 women. The analysis was adjusted for age, smoking status,
alcohol drinking, history of hypertension, leisure or physical activity, and other variables (depending on each cohort). This
analysis excluded early follow-up (less than 5 years).

Of the studies presented in Figures 2 and 3, a tendency toward lower mortality with a
higher BMI is only seen in the Japan Collaborative Cohort (JACC) study, which limited its
analysis to a group of participants aged 65—79 years (at the start of follow-up). As this study
demonstrated, the correlation between BMI and total mortality differs depending on age and
BMI, with the lowest total mortality showing a tendency to increase as the age at the start of
follow-up increases, in both men and women. The South Korean study presented in Figure 3
too did not reveal a clear increase in total mortality, even when the BMI exceeded 30.0 kg/m?,
in a sub-analysis of individuals aged 65 years and older®®. Moreover, according to a Japanese
study that examined BMI with the lowest total mortality, according to age at the start of follow-
up, the BMI values in men and women, respectively, were 23.6 kg/m? and 21.6 kg/m? for those
aged 4049 years, 23.4 kg/m? and 21.6 kg/m? for those aged 50-59 years, 25.1 kg/m? and 22.8
kg/m? for those aged 60-69 years, and 25.5 kg/m? and 24.1 kg/m? for those aged 70-79 years®“?,
Furthermore, the results of a pooled analysis (results of lifetime non-smokers), summarizing
data from 19 cohort studies in American Caucasian individuals (total: 1.46 million individuals),
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Figure 3. The association between BMI at baseline and mortality among normal subjects in East

Asian representative 3 cohort studies6-48)

The intermediate values of the BMI ranges studied were shown as plots. The result was not shown if the maximum or
minimum value of the highest or lowest BMI categories was not available.

Taiwan: The reference category was BMI=24.0-25.9 kg/m?. The range of age at baseline was 20 years and higher, the
mean follow-up duration was 10 years, the analytic sample was 58,738 men and 65,718 women, and the number of death
was 3,947 men and 1,549 women. The analysis was adjusted for age, alcohol drink, educational background, smoking
status, income and use of betal nuts.

China (Shanghai): The reference category was BMI=24.0-24.9 kg/m2. The range of age at baseline was 40 years and
higher, mean follow-up duration was 8.3 years, the analytic sample was 158,666 men and women, and the number of death
was 10,047 men and 7,640 women. The analysis was adjusted for age, alcohol drink, physical activity, residential area and
urbanization of the residential area.

Korea: The reference category was BM1=23.0-24.9 kg/m?. The range of age at baseline was 30-95 years, mean follow-up
duration was 12 years, the analytic sample was 770,556 men and 443,273 women, and the number of death was 58,312
men and 24,060 women. The analysis was adjusted for age, smoking status, alcohol drinking, exercise participation, fasting
plasma glucose, systolic blood pressure and serum cholesterol levels.

are presented in Figure 4. These results revealed that the BMI producing a supposed hazard
ratio lower than 0.1, with 22.5-24.9 kg/m? as the standard, was 18.5-24.9 kg/m? in those aged
20-49 years, 20.0-24.9 kg/m? in those aged 50-59 years, and 20.0-27.4 kg/m? in those aged
60-69 and 70-84 years“?. Incidentally, the above-mentioned studies inevitably included
individuals who had already experienced weight loss due to preexisting latent diseases, or
adverse health effects at the time of the baseline survey; this may have led to some kind of
“reversal causality”. The possibility of a phenomenon, whereby total mortality is lowest for a
slightly higher BMI, which contradicts the true correlation, cannot be ruled out. Some schools
of thought question the existence of this phenomenon and its effect on results; however, no
consensus has yet been reached®%5Y,

Another report states that weight gain or a loss of 5 kg or more, over a 5-year period,
is correlated with an increase in mortality, irrespective of BMI®2), However, the effects of
weight gain or loss on health are thought to differ, depending on whether the gain or loss is
intentional or unintentional. One report found that the mortality in a group of obese individuals,
who intentionally lost weight, was significantly lower than that of a group of individuals whose
weight did not change®®; however, a meta-analysis found that the effect of intentional weight
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Figure 4. The hazard ratio for mortality by age categories from the results of a pooled analysis of

19 cohort studies (1,460,000 white Americans): the analysis of never smokers“?

The intermediate values of the BMI ranges studied were shown as plots. The reference category was BM1=22.5-24.9 kg/m?.
The range of age at baseline was 19-84 years (median 58), and the mean follow-up duration was 10 years (range: 5-28).
The analysis was adjusted for sex, alcohol drink, educational background, marital status and physical activity.

loss on decreased mortality is not always clear®, and conclusions are yet to be drawn.
Additionally, according to a study that observed the correlation of cause-specific

mortality with BMI, the BMI with the lowest mortality for cardiovascular diseases, particularly

cardiac diseases, was lower than the BMI with the lowest total mortality; however, the BMI
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Figure 5 The association between cause-specific mortality and baseline BMI: the hazard ratio
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compared to BMI1=23-24.9kg/m? from a pooled analysis of 7 Japanese cohort studies

The range of age at baseline was 40-103 years, the mean follow-up duration was 12.5 years, the analytic sample was 162,092
men and 191,330 women, and the number of death was 25,944 men and 16,036 women. The analysis was adjusted for age,
smoking status, alcohol drinking, history of hypertension, leisure or physical activity, and other variables (depending on

each cohort). This analysis excluded early follow-up (less than 5 years).
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with the lowest mortality for other diseases, particularly respiratory diseases, tended to be
higher®434%)_The results of a pooled analysis of seven Japanese cohort studies are presented
in Figure 5 as an example. Furthermore, a study found that the incidence of diabetes decreased
as the BMI decreased®>%®, and the correlation between the two differed greatly from the
correlation observed between BMI and total mortality.

Thus, a summary of the range of BMIs with the lowest total mortality reported in
observational epidemiological studies is presented in Table 1.

Table 1. The range of BMI which showed the lowest all-cause mortality

in observational studies (18 years and older)!

BMI (kg/m?) which showed
Age (years) .
the lowest all-cause mortality
18-49 18.5-24.9
50-69 20.0-24.9
70+ 22.5-27.4

1 For both males and females.
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However, as presented in Table 2, on studying the proportion of Japanese individuals
whose BMI falls below, within, and above the range with the lowest total mortality, a large
discrepancy was observed, in real-world settings, for those aged 18-49 years (10.1% above,
68.4% within, and 21.5% below), 50-69 years (15.8% above, 56.5% within, and 27.7% below),
and 70 years or older (45.0% above, 45.5% within, and 9.5% below).

Table 2. BMI distribution by gender and age groups

Age (years) Distribution of BMI (%)
Range of BMI <18.5 18.5-19.9 20.0-22.4 22.5-24.9 25.0-27.4 275
10.1 17.3 29.8 21.3 11.6 9.8
Total
10.1 68.4 215
18-49 4.7 11.2 16.2 | 114 26.9 15.7 14.0
Males
4.7 65.7 29.7
14.7 225 20.7 | 11.0 16.6 8.1 6.4
Females
14.7 70.8 145
Range of BMI <18.5 18.5-19.9 20.0-22.4 22.5-24.9 25.0-27.4 275=
5.7 10.1 28.0 28.5 17.3 10.3
Total
15.8 56.5 21.7
50-69 2.9 7.2 122 | 12.7 32.3 21.7 11.0
Males
10.1 57.2 32.7
8.1 125 18.0 | 12.6 25.4 13.7 9.8
Females
20.6 56.0 235
Range of BMI <18.5 18.5-19.9 20.0-22.4 22.5-24.9 25.0-27.4 275
8.7 9.9 14.4 | 120 28.6 16.9 9.5
Total 45.0 455 9.5
33.0 40.6 26.4
7.2 8.9 134 | 118 31.9 18.3 8.6
70+
Males 41.3 50.2 8.6
29.5 43.7 26.9
9.9 10.7 15.2 | 12.2 26.0 15.9 10.2
Females 48.0 41.9 10.2
35.8 38.2 26.1

Data source: National Health and Nutrition Survey 2010, 2011
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3-2-3. Target BMI Range

The current target BMI range, comprehensively determined taking into account
mortality, incidence rates of each of the diseases, and their correlation with BMI, the correlation
between cause of death and BMI, and the BMI state in Japanese people, as obtained from the
results of observational epidemiological studies, is presented in Table 3. In those aged 70 years
or older, in particular, a discrepancy was observed between reality and the BMI with the lowest
total mortality; therefore, the current target BMI range was set at 21.5-24.9 kg/m?, based on the
need to consider the prevention of both frailty and LRDs. However, many factors (including
genetic factors and environmental factors, such as living habits) contribute to total mortality,
and there is little sense in strictly managing only BMI to control body weight. Furthermore, a
high level of physical activity is effective in preventing and reducing obesity®”, and reportedly
correlates with a decrease in total mortality, independent of body weight®®4%, Therefore, the
use of BMI should be limited to the maintenance of health and prevention of LRDs. The
correlation of BMI with malnutrition and disease prevention (including stroke prevention) is
important from the perspective of preventative care, particularly in those aged 70 years or older,
in order to avoid frailty due to advanced old age. However, it is best to manage BMI, taking
into consideration the characteristics of each individual.

Table 3. Target BMI range (18 years and older)* 2

Age (years) Target BMI

18-49 18.5-24.9
50-69 20.0-24.9
70+ 21.5-24.93

1 For both males and females. These values shall be used merely as a reference.

2 Target range is defined through comprehensive consideration on the association between incidence rate for each
disease and BMI, the association between causes of death and BMI, and actual BMI of Japanese people, based on
BMI with the lowest all-cause mortality reported in epidemiological observational studies.

3 For people 70 years and over, the actual BMI deviates from the BMI with the lowest all-cause mortality. The
tentative target BMI range is determined to be 21.5-24.9, considering the necessity to take into account both the
prevention of frailty and prevention of LRDs.

For example, energy requirements calculated for a normal PAL (level 1), using
reference values for basal metabolism and reference height, as explained later in this text, in
men and women aged 18-29 years, 30-49 years, 50-69 years, and 70 years or older,
respectively, are 2,300-3,000 and 1,800-2,400, 2,100-2,800 and 1,800-2,400, 2,100-2,600
and 1,700-2,100, and 2,000-2,400 kcal/day and 1,700-1,900 kcal/day, demonstrating a wide
range of requirements. Moreover, it should be noted that there are considerable inter-individual
differences in energy requirement, even among those with the same BMI or body weight.
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(Supplemental Statement) Estimated Energy Requirement
Method Used to Calculate the Estimated Energy Requirement
1. Basic Concept behind the Calculation Methods

If both body weight and body composition remain unchanged, energy intake is equal
to energy expenditure, and total energy expenditure can be assessed using the doubly labeled
water method. However, as explained earlier, various dietary assessments are typically affected
by underreporting in the form of systematic errors, as well as random errors caused by diurnal
variations. The estimated energy requirement is, therefore, calculated from the estimated value
for total energy expenditure without using the energy intakes obtained from dietary assessments.

The estimated energy requirement for adults (excluding pregnant and lactating
women) is calculated as follows:
Estimated energy requirement = basal metabolism reference value (kcal/kg, body
weight/day) x reference body weight (kg) x physical activity level

In addition, to calculate the estimated energy requirements of infants, children,
pregnant women, and lactating women, the amount of energy necessary for growth, the
continuation of pregnancy, or lactation is added.

The estimated energy requirement for each sex, age group, and PAL was calculated as
shown in Table 5. The factors used in the calculation are described below.

2. Basal Metabolism Reference Values

The basal metabolism reference values are presented in Table 4, based on those for
adults, as measured in 13 Japanese studies (Figure 6)©7-5%, and a study on individuals aged 6—
17 years(),

The basal metabolism reference value is determined such that the estimated value and
the actual measured value in the reference body size match. This is why the estimation errors
are greater for body sizes and greatly deviate from the standard. Basal metabolism is
overestimated in Japanese people too, when the basal metabolism reference values are used for
obese individuals®. Conversely, basal metabolism is underestimated in slim individuals. The
estimated energy requirement, obtained by multiplying this over- or underestimated basal
metabolism and the PAL, is likely to be greater than the true energy requirement of obese
individuals and lower than that of slim individuals. Therefore, if this estimated energy intake is
used to plan the energy intake, the body weight may increase in obese individuals and decrease
in slim individuals.
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Table 4. The basal metabolism reference values for the reference bodyweight (BW)

Gender Male Female
Basic Basic
Basal Metabolic Basal Metabolic
Reference BW Metabolic Reference BW Metabolic
Age (years) Reference value Reference value
(kg) Rate (kg) Rate
(kcal/kg BW/day) (kcal/kg BW/day)
(kcal/day) (kcal/day)
1-2 61 12 700 60 11 660
3-5 55 17 900 52 16 840
6-7 44 22 980 42 22 920
8-9 41 28 1,140 38 27 1,050
10-11 37 36 1,330 35 36 1,260
12-14 31 49 1,520 30 48 1,410
15-17 27 60 1,610 25 52 1,310
18-29 24 63 1,520 22 50 1,110
30-49 22 69 1,530 22 53 1,150
50-69 22 65 1,400 21 53 1,100
70+ 22 60 1,290 21 50 1,020
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Figure 6. Reported basal metabolic rates in Japanese adults (13 studies)

The following estimation formula, for the basal metabolic rate of Japanese people,

using age, sex, height, and body weight®®, has been shown not to produce systematic errors

due to body weight, up to a BMI of approximately 30 kg/m?®%, and can estimate the basal
metabolic rate in obese individuals with a BMI of 25-29.9 kg/m?.
Basal metabolism (kcal/day) = [0.0481 x body weight (kg) + 0.0234 x height (cm) — 0.0138

x age (years) — constant (men: 0.4235, women: 0.9708)] x 1000/4.186

Basal metabolic rate was found to be more strongly correlated with fat-free mass than
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body weight©®2656872) |n the future, it may be possible to estimate basal metabolic rate with a
higher degree of accuracy through the appropriate assessment of physical composition.

Incidentally, many reports claim that the basal metabolic rate of diabetes patients is
either no different from that of healthy individuals or approximately 5%-7% higher, when
corrected for body composition (this is thought to be due to the energy consumed during
gluconeogenesis in the liver, among other factors.)*%%. Few studies have focused on the
outcomes of hyperglycemic individuals receiving health guidance; however, a cross-sectional
study found that the metabolic rate during sleep exhibited normal glucose tolerance < impaired
glucose tolerance (IGT) < diabetes, and changes in the basal metabolism, over time, in the same
individual resulted in normal glucose tolerance < IGT (+4%) < diabetes (+3%)®Y. Those with
hyperglycemia, requiring just health guidance (fasting blood glucose levels: 100-125 mg/dL),
therefore, have a basal metabolism that is not very different from that of those with euglycemia.
Furthermore, only a few studies have examined the total energy expenditure in diabetes patients
using the doubly labeled water method, and no differences in the PAL and total energy
expenditure have been observed between diabetes patients and individuals with normal glucose
tolerance(379),

3. Physical Activity Level
3-1. Adults

The PALSs of adults, calculated from the measured energy expenditure and estimated
basal metabolic rate of healthy Japanese adults (aged 20-59 years; 150 individuals)®?, were
used. In other words, the overall PAL derived from the PALs of men and women was 1.72 +
0.26 (mean + standard deviation), and the overall PAL of 63 individuals with level 11 physical
activity was 1.74 £ 0.26. Three types of PAL were established based on these data (Table 5).

Table 5. Daily activities and time of physical activity by PAL

Low (1) Moderate (II) High (111)
PAL! 1.50 175 2.00
(1.40-1.60) (1.60-1.90) (1.90-2.20)
Corresponds to sedentary work, Individuals who involved in
however, includes  movement | works with high-intensity
. L Corresponds to . - S .
Daily activities . and housework such as physical activity or high-intensity
sedentary lifestyle . . . . . L
commuting and shopping, and leisure-time physical activity
sports with light intensity. such as regular sports habits
Total time per day on
physical acF|V|ty gf a 165 206 253
moderate intensity
(hour/day)?
Total length of walking
0.25 0.54 1.00
at work (hour/day)?

1 Representative values (approximate range).

2 Based on reports of Black, et al.®3 and Ishikawa-Takata, et al.®2 and considered that PAL is largely influenced by physical
activity during work

3 The data was based on Ishikawa-Takata, et al.®¥
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Metabolic equivalent (MET; indicator of the intensity of each physical activity,
expressed as a multiple of metabolic rate at rest, in the sitting position), and activity factor (Af;
indicator of the intensity of each physical activity, expressed as a multiple of basal metabolic
rate) are the indicators of the intensity of physical activity. As the metabolic rate at rest, in the
sitting position, is approximately 10% higher while fasting than the basal metabolic rate
measured in the supine position®®) the following relational equation was established: MET
x 1.1 = Af. The METs of various physical activities, in healthy adults, have been summarized
by Ainsworth et al.®?,

A study of a population of Japanese adults (mean age: 50.4 + 17.1 years), including a
relatively large number of individuals with a high PAL, found a difference between the three
PALs, for the total time per day spent on physical activity of a moderate intensity (3-5.9 METS)
and walking to work (Table 5)®4. Level Il physical activity (normal) corresponds to sedentary
work; however, a total of 2 hours/day are spent on movement and housework such as
commuting and shopping, and a total of 30 minutes/day are spent on movement within the
workplace.

The above study found, however, that the time spent on physical activity during leisure
time was almost zero for all three PALs. A more accurate method of estimating PAL will need
to be developed in the future, taking into account the time spent on each physical activity and
exercise intensity, with a particular focus on work, traveling (commuting, shopping, etc.), and
housework.

In addition, when the energy expenditure from physical activity is estimated in the
activity logs in the US-Canada DRIs®38) excess post-exercise oxygen consumption (EPOC)
from hypermetabolism after physical activity is included in the calculations for estimated
energy requirement, assuming it accounts for 15% of the energy expenditure during the physical
activity in question. However, the EPOC in activities of daily living is, in fact, very low®®),

3-2. Elderly Individuals

Elderly individuals are more likely to have PALs that differ from those of other age
groups. The typical PAL was set at 1.70, on the basis of reports that measured the PALS in
healthy, independent elderly individuals (Table 6)®°). Levels I, Il, and Ill were also
determined based on a study in which participants were divided into three groups based on their
level of physical activity (Table 7)®. The mean age of the participants in a majority of those
reports was 70-75 years; there is a lack of data on those aged 80 years and older. A study that
re-assessed 75-year-old participants when they reached age 82 years found that the levels
dropped only in men who previously had a high PAL, and that the overall PAL of both men
and women was approximately 1.689,
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Table 6. Reports that measured the PALSs in healthy, independent elderly individuals
Age (years) BMI (kg/m?) PAL
Reference Subjects Sex (number) P
mean * standard deviation mean + standard deviation -
deviation/inter quartile range
87 Healthy subjects 73 males (3), females (9) 25+3 1.73+£0.25
males (14)
88 Healthy subjects 74 +6 225+25 1.66 £0.24
females (18)
Dependently-living
89 728+6.1 males (8) 224+25 1.4+0.1
individuals
90 Retired subjects 740144 females (10) 241+28 1.59+0.19
91 Healthy subjects 73+3 females (10) none 1.80+£0.19
92 Healthy subjects 734+4.1 males (19) none 1.71+£0.32
Black 746+3.2 females (67) 28.6+59 1.69+0.24
White 746+3.2 females (77) 26.2+5.3 1.65+0.21
93
Black 748+29 males (72) 271145 1.71+£0.24
White 75.1+3.2 males (72) 276+4.2 1.74 +0.22
Relatively-healthy males (2)
94 78 243+2.6 1.74 +0.25
subjects females (9)
95 Home-living subjects 82 +3* males (17) 248+3.8 1.6+£0.2
Disease-free and males (12)
96 74.7+6.5 25.8+4.2 1.72 (1.63-1.92)
walkable subjects females (44)
74.7 27.0+4.3 1.77 £0.23
males (47)
Follow-up study of 82.2 271148 1.68+£0.21
98
reference 93 745 28.4+45 1.68 £0.19
females (40)
82.0 28.0+4.3 1.67 £0.31

* The value for age and BMI is the mean value of 17 + 6 individuals (total 23).

3-3. Children

Studies that measured the PALs of children, using the doubly labeled water method,
were systematically reviewed, and the average, weighted by the number of participants, was set
as the PAL. As a general rule, only reports that measured basal metabolism were included in
the review%-132: however, reports that estimated the PAL using the basal metabolic rate in
children aged less than 5 years were also included®***, The resulting PALs were 1.36 for
ages 1-2 years, 1.48 for ages 3-5 years, 1.57 for ages 67 years, 1.62 for ages 8-9 years, 1.63
for ages 10-11 years, 1.74 for ages 12-14 years, and 1.81 for ages 15-17 years, demonstrating
that the PAL had a tendency to increase with age (Figure 7). A separate meta-analysis,
summarizing the results of 17 studies on the relationship between age and PAL in children, also
found that PAL increased with age*?). The typical PAL for children was determined based on
those reports (Table 7). The typical PALs of those aged 12—14 years and 15-17 years were set
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at just 0.05 lower than the weighted average. Some reports found that the PAL exceeded
“normal; level I1” in these age groups. Moreover, the 2012 Physical Fitness and Athletic Ability
Survey found that the ratio of individuals who spent many hours, per day, on exercise and sports
was high in this age group, because the typical level 11 PAL was assumed to be lower than the
average level. From the age of 6 years, children were divided into the same three categories as
adults, considering individual differences in the PAL. The standard deviations of the averages,
weighted by the number of participants in each age group, extracted from the literature, varied,
with widths between 0.17 and 0.27, according to the age group, and a mean width of 0.23. The
PAL of each category, among children was, therefore, set at just 0.20 higher or lower than the

“normal” value for each age group.

25

A Males @ Females M Sex unknown

— PALII (normal)

'y
2.0
1.5
1.0
0 5 10

Age (years)

Figure 8. PAL of children by age

15

Table 7. PAL classification according to age categories
PAL Low (1) Moderate (II) High (I11)

1-2 (years) 1.35

3-5 (years) 1.45
6-7 (years) 1.35 1.55 1.75
8-9 (years) 1.40 1.60 1.80
10-11 (years) 1.45 1.65 1.85
12-14 (years) 1.50 1.70 1.90
15-17 (years) 1.55 1.75 1.95
18-29 (years) 1.50 1.75 2.00
30-49 (years) 1.50 1.75 2.00
50-69 (years) 1.50 1.75 2.00
70 years and older 1.45 1.70 1.95
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3-4. For Overweight and Underweight Individuals

In obese individuals, the PAL assessed with a motion sensor, such as an accelerometer,
is generally low, and it has been pointed out that obesity can be a cause of decreased activity 4V,
However, PAL does not correlate with BMI up to a BMI of approximately 30 kg/m®42143),
Moreover, the PAL does not change after weight loss, in obese individuals®*+14%). This is likely
because obese individuals have poor exercise efficiency, and require more energy to perform
certain external tasks®4®4)_ In conclusion, the use of the same PAL values as those of normal
individuals is allowed for obese individuals with a BMI of 25-29.9 kg/m?.

4. Estimated Energy Requirement
4-1. Adults
The estimated energy requirement (kcal/day) in adults (aged 18 years and older) was
calculated as follows:
Estimated energy requirement (kcal/day) = basal metabolic rate (kcal/day) x PAL

4-2. Children

Children in their growth phase (age 1-17 years) must consume extra energy for tissue
synthesis and to build tissue (energy deposition), in addition to the energy required for their
physical activity. The energy consumed during tissue synthesis is included in the total energy
expenditure, so the estimated energy requirement (kcal/day) can be calculated as follows:
Estimated energy requirement (kcal/day) = basal metabolic rate (kcal/day) x PAL +
stored energy storage (kcal/day)
The energy deposition for the increased tissue mass is calculated as the product of the sum of
the daily weight gained in addition to the reference weight, and the energy deposition density®®.
See Table 8 for more information on the method of calculation.
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Table 8. Energy deposition accompanied with growth

Gender Males Females
— For building tissue o For building tissue
Reference Reference
2| e | 2 | S || st | T | e |
(kglyear) (kglyear)

(kcal/g) (kcal/day) (kcal/g) (kcal/day)
0-5 (months) 6.3 9.4 4.4 115 5.9 8.4 5.0 115
6-8 (months) 8.4 4.2 15 15 7.8 3.7 1.8 20
9-11 (months) 9.1 2.5 2.7 20 8.4 24 2.3 15
1-2 (years) 115 2.1 35 20 11.0 2.2 2.4 15
3-5 (years) 16.5 2.1 1.5 10 16.1 2.2 2.0 10
6-7 (years) 22.2 2.6 2.1 15 21.9 2.5 2.8 20
8-9 (years) 28.0 34 25 25 27.4 3.6 3.2 30
10-11 (years) 35.6 4.6 3.0 40 36.3 45 2.6 30
12-14 (years) 49.0 4.5 15 20 475 3.0 3.0 25
15-17 (years) 59.7 2.0 1.9 10 51.9 0.6 47 10

BW, body weight

BW increase was calculated as following:

Ex) BW increase amount for female children aged 9-11 months,

X = [(reference BW of 9-11 months old (at 10.5 months) — (reference BW of 6-8 months old (at 7.5 months)) / [0.875 (year old)-0.625(year

old)] + [(reference BW of 1-2 years old) — (reference BW of 9-11 months old)] / [2 (years old)-0.875 (years old)]

BW increase=X/2 =[(8.4-7.8)/0.25+ (11.0-8.4)/ 1.125]] /2 = 24

Energy density for building tissue was calculated according to the US/Canada DRIs®.

Energy deposition for building tissue was calculated as the product of BW increase and energy density for building tissue.

Ex) Energy deposition for female children aged 9-11 months (kcal/day) = [(2.4 (kg/year)* 1000/365day)] * 2.3 (kcal/g) = 14.8 = 15

4-3. Infants

Much like children, infants must consume energy for tissue synthesis and energy
deposition, in addition to the energy required for physical activity. The energy consumed during
tissue synthesis is included in the total energy expenditure, so the estimated energy requirement
(kcal/day) can be calculated as follows:

Estimated energy requirement (kcal/day) = total energy expenditure (kcal/day) + stored
energy storage (kcal/day)

With regards to the total energy expenditure of infants, the FAO/WHO/UNU
conducted various studies on the relationship between sex, age (in months), body weight, height,
and total energy expenditure, based on the results of previous studies that used the doubly
labeled water method. Consequently, it was reported that the total energy expenditure of
breastfed infants during infancy can be calculated using the following regression formula, in
which body weight is the only independent variable®48149:

Total energy expenditure (kcal/day) = 92.8 x reference weight (kg) — 152.0

No reports have measured total energy expenditure using the doubly labeled water
method, in Japanese infants. Therefore, the total energy expenditure per day (kcal/day) was
calculated by substituting the reference weight of Japanese people into these formulas.

Much like in the case of children, the energy deposition in infants was calculated as
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the product of the sum of the daily weight gained, in addition to the reference weight, and the
energy density for the increased tissue (Table 8)3%),

The estimated energy requirement in infants is shown according to age in months (0-
5 months, 6-8 months, and 9—11 months). Furthermore, it should be noted that during the ages
of 0-5 months, when an infant’s body weight varies greatly, large differences arise in the energy
requirement, between the first and second half of that period.
Attention must also be paid to the fact that artificially fed infants generally have a larger total
energy expenditure than breastfed infants®), Moreover, the FAO/WHO/UNU state that the
total energy expenditure of artificially fed infants can be estimated as follows:48:149):
Total energy expenditure (kcal/day) = 82.6 x body weight (kg) — 29.0

4-4. Pregnant Women

The estimated energy requirement of pregnant women is calculated as follows:
Estimated energy requirement of pregnant women (kcal/day) = estimated energy
requirement before pregnancy (kcal/day) + additional energy required for pregnancy
(kcal/day)

Considering the childbearing age of women covers several age groups, for the
estimated energy requirement, the amount of energy that should be additionally consumed
compared to the amount consumed before pregnancy needs to be shown as the additional
amount of energy required for each trimester to ensure a normal delivery and the maintenance
of an appropriate nutritional status during pregnancy.

A longitudinal study using the doubly labeled water method found that the PAL during
pregnancy decreased in the first and third trimesters; however, the basal metabolic rate greatly
increased in the late stage due to pregnancy-related weight gain®*3-1%%. As a result, the rate of
increase in the total energy expenditure was almost the same as the rate of increase in the body
weight, across all trimesters, and there was almost no difference in the total energy expenditure
per body weight between the trimesters. Therefore, when the amount of change in the total
energy expenditure in each pregnancy trimester, compared to the total energy expenditure
before pregnancy (estimated energy requirement), was corrected so as to correspond to the final
weight gain from pregnancy (11 kg), changes of +19 kcal/day, +77 kcal/day and +285 kcal/day
were obtained for the first, second and third trimesters, respectively(148.149.15),

Energy depositions, in the form of protein and fat, corresponding to a final weight gain
of 11 kg were calculated from the protein and fat depositions in each pregnancy trimester, and
the sum of both was used to obtain the total energy deposition**81%9, As a result, the energy
depositions were 44 kcal/day, 167 kcal/day, and 170 kcal/day in the first, second and third
trimesters, respectively.

Thus, the additional energy in each pregnancy trimester is ultimately calculated as
follows.

Additional energy during pregnancy (kcal/day) = amount of change in total energy
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expenditure due to pregnancy (kcal/day) + energy deposition (kcal/day)
When rounded to the closest 50 kcal, the additional energy values were calculated to be 50
kcal/day, 250 kcal/day and 450 kcal/day in the first, second and third trimesters, respectively.

4-5. Lactating Women

The estimated energy requirement of lactating women is calculated as follows:
Estimated energy requirement of lactating women (kcal/day) = estimated energy
requirement before pregnancy (kcal/day) + additional energy for lactation (kcal/day)

A woman’s body weight, directly after childbirth, is greater than her weight before
pregnancy, and the need for the energy consumed to synthesize breast milk is a factor that
increases the basal metabolic rate. However, no clear increase in basal metabolic rate is actually
seen®_ In one of four studies that longitudinally examined basal metabolic rate using the
doubly labeled water method, the energy used for physical activity was found to decrease
significantly®Y; however, in the other three studies, the difference was not significant, despite
an approximate decrease of 10% in the absolute amount of energy*521531%) These studies
showed that the total energy expenditure during the lactation period is the same as that before
pregnancy(!4%:152.153.156) ‘and that no specific additional amount of energy needs to be set for
lactating women, from the standpoint of changes in total energy expenditure. However, total
energy expenditure does not include the amount of energy required to synthesize breast milk,
so lactating women need to consume the energy required for this.

The amount of energy required to synthesize breast milk is calculated as follows,
assuming the lactated amount is the same as the milk volume (0.78 L/day), and the energy
content of breast milk is 663 kcal/L357-159):;

Amount of energy required to synthesize breast milk (kcal/day) = 0.78 L/day x 663 kcal/L
= 517 kcal/day

In contrast, energy is gained as a result of weight loss (decomposition of body tissue)
after delivery (childbirth), but the required energy intake decreases that much more for it. Given
an energy decrease of 6,500 kcal per 1 kg of body weight, from weight loss, and a weight loss
of 0.8 kg/month48149 the amount of energy required can be calculated as follows:

Energy decrease from weight loss (kcal/day) = 6,500 kcal/kg body weight x 0.8 kg/month
+ 30 days = 173 kcal/day

Therefore, if the extra energy that lactating women who experience a normal
pregnancy and delivery should consume during the lactation period compared to the energy
consumed before pregnancy is assumed to be the amount of additional energy needed for
lactation, this amount can be calculated as follows:

Additional amount of energy for lactation (kcal/day) = amount of energy required to
synthesize breast milk (kcal/day)—energy decrease from weight loss (kcal/day)

Thus, an additional 517-173 = 344 kcal/day of energy was obtained, which was rounded to 350
kcal/day.
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Table appendix Estimated Energy Requirement (kcal/day)

Gender Males Females
PAL? | 1 1l | 1 1l
0-5 months - 550 - - 500 -
6-8 months - 650 - - 600 -
9-11 months - 700 - - 650 -
1-2 years - 950 - - 900 -
3-5 years - 1,300 - - 1,250 -
6-7 years 1,350 1,550 1,750 1,250 1,450 1,650
8-9 years 1,600 1,850 2,100 1,500 1,700 1,900
10-11 years 1,950 2,250 2,500 1,850 2,100 2,350
12-14 years 2,300 2,600 2,900 2,150 2,400 2,700
15-17 years 2,500 2,850 3,150 2,050 2,300 2,550
18-29 years 2,300 2,650 3,050 1,650 1,950 2,200
30-49 years 2,300 2,650 3,050 1,750 2,000 2,300
50-69 years 2,100 2,450 2,800 1,650 1,900 2,200
70+ years 2 1,850 2,200 2,500 1,500 1,750 2,000
Pregnant women
(additional) 3 +50 +50 +50
Early-stage +250 +250 +250
Mid-stage +450 +450 +450
Late-stage
Lactating women
(additional) +3%0 +3%0 +3%0
1 PALs (physical activity levels) of I, Il, and Ill indicate low, medium and high activity levels,

respectively.

2 Calculated mainly from reports made on healthy independent subject persons 70-75 years old.

8 Itisimportant to assess the physique of individual pregnant women, weight increase during pregnancy,

and fetal growth.

Note 1: On application of the present table, ensure to conduct assessment of dietary intake, measurement
of the body weight and calculation of BMI. Excess energy or inadequate energy shall be evaluated

according to change in body weight or BMI.

Note 2: If a subject falls under the category of PAL I, the energy intake may have to be maintained low
level to match the low energy consumption level. Such subject needs to increase the level of physical

activities from the prospect of health maintenance and promotion.
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