11 Energy and Nutrients
Energy Providing Nutrients’ Balance

Energy Providing Nutrients’ Balance
1. Background Information

Energy providing nutrients’ balance is the ratio of energy providing nutrients
(macronutrients-- namely protein, fat and carbohydrate) including alcohol and the individual
components for a particular food item. The current DRIs are determined based on the energy
intakes from these nutrients and expressed as the percentage of energy intake (%E). Achieving
a balance in the intakes of aforementioned nutrients is aimed at the prevention of not only their
inadequate intake, but also the development of lifestyle-related diseases (LRDs). In the
prevention of LRD development, nutrient balance should be achieved, based on meeting
requirements to avoid inadequacy. Thus, the DRIs for energy-providing nutrients’ balance
should focus on the tentative dietary goal for preventing LRDs (DGS).

In terms of energy-providing nutrients, protein intake must meet the estimated average
requirement (EAR). To avoid insufficiency, it is recommended that the intake be above the
recommended dietary allowance (RDA). In terms of fat, adequate intake (Al) is set for n-6 and
n-3 fatty acids, while DGs are set for saturated fatty acids. Although carbohydrate is an essential
nutrient, its intake is likely to exceed the requirement except under specific conditions.

Therefore, it is appropriate to first determine the amount of protein, followed by that
of fat, with the carbohydrate amount set as the residual value for the energy-providing nutrients’
balance. While alcohol provides energy, it is not an essential nutrient, and there is no reason to
recommend its intake. If alcohol is included in the nutrients” balance, the rest of the protein and
fat components are derived from the amount of carbohydrate and alcohol.

For infants aged under 1 year, a desirable nutrients’ balance is achieved through the
consumption of breast milk. Therefore, the energy-providing nutrients’ balance was determined
for those aged over 1 year in the DRIs.

2. Energy Conversion Factor

There are slight differences in the energy conversion factors for protein, fat,
carbohydrate, and alcohol, depending on the foods from which these nutrients are obtained®.
The Atwater factor is used for the approximation of values (protein, carbohydrate: 4, fat: 9),
without consideration of the above-stated differences. It also does not consider the different
types of components that comprise these nutrients, namely amino acids, fatty acids, and sugars.

The amount of energy produced by dietary fiber is considered to be 0-2 kcal/g®, which
is lower than that produced by other carbohydrates. Among carbohydrates, dietary fiber should
not be included as a source of energy. However, from the standpoint of the applicability and
feasibility of the DRIs, the energy-providing nutrients’ balance includes dietary fiber as
carbohydrates, and 4 kcal/g is used as its energy conversion factor.
In Japan, 7.1 kcal/day is the amount of energy obtained from alcohol®. However, here, we used
the value “7 kcal/g”, as the energy conversion factors of the other nutrients are integers.
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3. For the Prevention of LRD Development and Progression

It is important for the protein intake to be above the RDA, or at least on par with the
EAR. We reviewed studies focusing on protein intakes above the EAR or RDA, from the
standpoint of the prevention of LRD development and progression.

In terms of dietary fat, a high intake of saturated fat is a major issue, in this context.
Several studies have examined the association between low fat intake and health status.

3—1. Prevention of LRD Development
3—1—1. Protein

According to a US cohort study examining the association between protein intake and
estimated glomerular filtration rate (eGFR) in women, a significant decrease in the eGFR was
observed among high-protein intake (median: 92 g/day) participants with a slightly low renal
function level, while there was no significant association among those with normal renal
function levels®,

In another US cohort study examining the association between low-carbohydrate diet
and the development of diabetes, the incidence of diabetes was significantly higher in men with
a low-carbohydrate and high-animal-protein diet than in those in other groups, with no such
results being observed for low-carbohydrate and high-plant-protein diets®. This finding
suggests the importance of considering the influence of the quality of the proteins (amino acids)
consumed or their dietary sources on the intakes of other nutrients, rather than the total protein
intake. Additionally, the same cohort study reported that the all-cause mortality was
significantly higher among men with a low-carbohydrate and high-animal-protein diet, and
significantly lower in men with a low-carbohydrate and high-plant-protein diet®. Similar
results were observed in a cohort of American women®). Although the aforementioned studies
did not directly examine the influence of the differences in the amounts of total protein intake,
their results suggest that dietary protein sources and the amount consumed may affect health
status. A cohort study has shown a significantly higher incidence of cardiovascular diseases in
those consumed low-carbohydrate diets (= high-protein diets) in Swedish women®. It is needed
to interpret these results considering the quality of protein (amino acids) and its dietary sources.

A significant negative association was reported between protein intake and the
incidence of frailty among elderly American people (aged 65-79 years)?). In that study,
participants were classified into quintiles, according to their protein intake, with those with an
intake of 12.4%E in the lowest quintile and those with an intake of 16.0%E in the highest
quintile. A Japanese cross-sectional study reported that the prevalence of frailty was
significantly lower in those with a protein intake greater than 16.1%E, among 2,108 elderly
women (aged 65 years or older)®.
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3—1—2. Dietary Fat

Several studies have focused on the association between fat intake and changes in body
weight (BW) later in life. However, the results are inconsistent, with most studies reporting no
significant association. A US-based study reported a significant association between fat intake
and BW gain only among women younger than 50 years®, while a European study reported no
significant association in any sex or age group®9.

The development of LRDs is affected largely by fatty acid intake (especially saturated
fatty acids), rather than total fat intake. This association has been established for myocardial
infarction®?, as well as diabetes™®. Thus, it is important to consider the quality of the fats
(especially saturated fatty acids) consumed, for the prevention of LRDs.

3—1—3. Carbohydrate

A meta-analysis showed an increased all-cause mortality in those with low-
carbohydrate diets, while no association with cardiovascular mortality and incidence was
observed®. However, it is difficult to use these data for the DRIs because this meta-analysis
did not report the carbohydrate intake amount.

The development of LRDs is largely influenced by the intake of dietary fiber, the
glycemic index of the food consumed, and the types of sugar (monosaccharide, disaccharide or
polysaccharide), rather than the total carbohydrate intake amount. For example, some studies
have reported on the protective effect of grain dietary fiber™®, dietary glycemic index, and
glycemic load5'®) against diabetes development, and the association between the massive
intake of sugar-sweetened beverages and obesity®”®. Therefore, the quality of the
carbohydrate consumed is of significance. However, a study reported that there was no
significant association between carbohydrate intake and dietary glycemic index, and the
development of diabetes®. At present, these results are inconsistent and further investigation
is needed.

3—2. Prevention of LRD Progression
3—2—1. Protein

A meta-analysis summarized the interventional trials that examined the influence of
high-protein diets on cardiovascular diseases and metabolic risk factors compared to that of
low-protein diets, over a period of more than 12 months®?. The meta-analysis found no
significant difference in the BW, waist circumference, serum low-density lipoprotein (LDL)
cholesterol level, triglyceride level, blood pressure, fasting blood glucose level, and glycated
hemoglobin (HbALc) level between those with a high-protein diet (30%E in most trials) and
those with a low-protein diet (15%E in most trials). In an interventional trial that examined
middle-aged obese participants for 2 years, there was no significant difference in the BW
change between those with high-protein diets (25%E) and those with low-protein diets
(15%E)@Y,
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Another interventional study of obese patients with diabetes reported a significant BW
loss with no significant change in fasting blood glucose and HbA1c levels for 12 months for
high protein diet®®, while another study reported there was no significant change in any of the
outcomes®Y,

A meta-analysis including relatively short-term interventional studies (mean: 12
weeks) reported that significant improvements were observed in BW, body fat, and triglyceride
levels in those with high-protein diets (30%E)®). While several short-term intervention studies
have reported positive results for the progression of LRDs through the intake of high-protein
diets, few studies included long-term interventions.

3—2—2. Dietary Fat

A meta-analysis summarized interventional studies which examined the effect of low-
fat diets (20-30%E in most studies) on blood lipids levels, for more than 12 months®®. The
results showed a significant decrease not only in serum LDL cholesterol levels, but also a
significant decrease in serum high-density lipoprotein (HDL) cholesterol levels, and a
significant increase in triglyceride levels. Another meta-analysis summarizing 6-month
interventions showed a similar result, with no significant difference observed in the blood
pressure, fasting blood glucose level, and fasting insulin level®. Another meta-analysis of 19
interventional studies including diabetes patients reported that low fasting insulin and
triglyceride levels and high HDL cholesterol levels were observed in those with high-fat diets
(low-carbohydrate) compared to those with low-fat diets (high-carbohydrate); no significant
differences were noted in the HbAlc, fasting blood glucose, total cholesterol, and LDL
cholesterol levels®),

In an interventional study of middle-aged obese participants, no significant difference
was noted in the BW change between individuals with low-fat diets (20%E) and those with
high-fat diets (40%E), over a 2-year period®®. However, in another interventional study of
middle-aged participants, a greater BW loss was observed in those with high-fat diets (38%E)
than those with low-fat diets (30%E), over a 2-year period®”; in that study, the composition of
the fatty acids were different between the two diets. A meta-analysis reported a greater BW loss
in those with low-fat diets by summarizing 33 interventional studies that examined the effect
of decreased dietary fat intake on BW changes®®. In that meta-analysis, the dietary fat intake
before the interventions was reported as 28-43%E; therefore, the results cannot be interpreted
beyond this range.

Yet another meta-analysis stratified interventional studies examining the effects of
low-fat diets on BW and blood lipids, by interventional period; 6 months vs. 12 months@®. In
that study, a significant BW loss was observed in the 6-month long trial, but not in the 12-month
long trial; no significant effect was observed for blood lipids.

Overall, the influence of total fat intake on health is not as obvious as previously
expected, and study results are inconsistent. However, it seems preferable to maintain a lower
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fat intake, within the range of 28-43%E, from the standpoint of BW management. However,
total fat also includes essential fatty acids. Since the requirements for these fatty acids vary by
groups or individuals, the DG for total fat should be set so as to meet the Al of essential fatty
acids, considering differences between the life stages. Additionally, several studies have
reported that saturated fatty acids have unfavorable effects on several LRDs. Therefore, the DG
of total fat should be set such that it does not exceed the DG of saturated fatty acids. Therefore,
the DG of total fat should be set within the range observed in the study results, at a value that
reduces the health effects of saturated fatty acids as much as possible. Thus, saturated fatty
acids must be included in the energy-providing nutrients’ balance, considering their health
effects.

3—2—3. Carbohydrate

Some meta-analyses have suggested that low-carbohydrate diets may be effective for
BW loss and diabetes control®®3), However, most of those meta-analyses did not provide
details on the diets, such as the diet compositions of the control groups.

Another meta-analysis reported that dietary fiber supplementation led to significant
decreases in fasting blood glucose and HbAlc levels among patients with diabetes®?, It is
possible that carbohydrate quality is also important for the prevention of the development and
progression of LRDs. However, further investigation is required.

4. Method Used to Set the DG
4—1. Basic Concept

The achievement of energy-providing nutrients’ balance is directly and strongly
associated with the prevention of LRD development or progression. However, the type of fatty
acid (especially saturated fatty acids), dietary fiber as a carbohydrate, or the source of protein
may play a rather more important role. Considering that total fat includes saturated fatty acids
and carbohydrate includes dietary fiber, the DG of the energy-providing nutrients’ balance was
determined in the current DRIs using the methods stated in the following paragraphs. These
DG ranges are approximate, however, and the balance needs to be considered in relation with
other dietary energy and nutrient intakes.

4—2. Protein (DG)

The lowest DG value was set above the RDA of protein. On expressing the
protein/energy ratio of the RDA value (g/day) using estimated energy requirements (EERs:
kcal/day) for physical activity level (PAL) I (low), in each age and sex group, the ratio can be
calculated as a maximum of 13.3%E in women aged 70 years or older. If pregnant women (in
the late stages of pregnancy; aged 18-29 years) and lactating women are included, the maximum
ratio can be calculated as 14.3%E. The protein intake should meet the requirement even if the
energy intake is low. Considering the importance of protein intake, it may be safe to set values

119



11 Energy and Nutrients
Energy Providing Nutrients’ Balance

that are higher than the calculated RDA for the DG.

The highest DG value should be set considering the upper limit (UL). Although there
is no UL for protein, some studies recommended an intake level of less than 2.0 g/kg BW/day
for adults, especially among elderly individuals, from the standpoint of the prevention of
unfavorable metabolic changes as well as azotemia®*3%. Using this value and the EER for PAL
I1 (middle), the protein/energy ratio can be calculated as 19-22%E (in those aged 18-69 years)
and 22-23%E (in those aged 70 years and older).

Based on the above-stated estimation, the DG of the protein/energy ratio was
determined as 13-20%E. Elderly people (for the prevention of frailty), and pregnant and
lactating women (for children’s growth) should ensure their protein intake does not reach the
lowest range.

4—3. Fat (DG)

The lowest DG value of the fat/energy ratio was set to secure the Al of essential fatty
acids. Therefore, while this value is not aimed at the prevention of LRDs, ensuring the intake
meets the Al is of high priority in the prevention of deficiency. For this reason, the lowest DG
value for fat was determined considering the Al of essential fatty acids (n-6 and n-3 fatty acids).
For more details, see “Dietary Fat.”

The highest fat/energy ratio of the DG was determined considering the DG of saturated
fatty acids. Most studies examining the health effect of total fat intake used a fat intake value
of 30%E for low-fat diets; it is difficult to examine the health effect of fat intakes lower than
this value. A meta-analysis (including 33 interventional studies) reported that a greater BW loss
was observed in those whose fat intake decreased from 28-43%E®®, suggesting that the results
cannot be interpreted beyond this range. Overall, evidence suggesting that a fat/energy ratio
lower than 30%E be adopted as the highest DG value of fat is insufficient. Thus, the DG of the
fat/energy ratio was determined as 20-30%E.

For saturated fatty acids, the DG was determined as 7%E or less. The DG of saturated
fatty acids was not set for children aged 1-17 years due to a lack of data. However, this does
not invalidate the need of considering excessive intake of saturated fatty acids in children.

It is necessary to pay attention to the quality of fat consumed, including that of essential
fatty acids, as well as the amount of total fat and saturated fatty acids consumed.

4—4. Carbohydrate (DG)

The carbohydrate/energy ratio, including alcohol, was set as the value of the residual
energy ratio of protein and total fat. A high-carbohydrate diet, without quality consideration,
may be unfavorable, comprising only highly-refined cereals, sweeteners, sweetened beverages,
and alcoholic beverages. Such diets can also lead to an insufficient intake of many vitamins and
minerals, as these foods contain lower amounts of vitamins and minerals than other foods. If
the lowest energy ratios of protein (13%E) and total fat (20%E) are used, the carbohydrate
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energy ratio can be calculated as 67%E. Therefore, the highest value of the carbohydrate DG
was set at 65%E. It should be noted that the sum of the lowest values of the energy ratio of
protein, fat and carbohydrate is not 100%.

The lowest carbohydrate DG value was set according to the highest values of the
energy ratios of protein (20%E) and total fat (30%E). It is important to pay attention to
carbohydrate quality to ensure the dietary fiber intake does not decrease, in the case of low-
carbohydrate diets.
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DRIs for Energy Providing Nutrient Balance (% energy)

DG ! (median 2) (For both males and females)
Fats 3
Age etc. Proteins Carbohydrates 45
Fats
Saturated fatty acid

0-11 months — — — —

1-17 years 13-20(16.5) 20-30(25) — 50-65(57.5)
18-69 years 13-20(16.5) 20-30(25) <7 50-65(57.5)

70+ years 13-20(16.5) 20-30(25) <7 50-65(57.5)

1 Ranges for each nutrient are expressed as approximate values. The present table shall be applied flexibly
if used for the purpose of prevention of LRDs or frailty of elderly persons.

2 Medians indicate the median values for the given range. They do not indicate most desirable values.

3 Fats require careful consideration on their qualities, such as their component fatty acids (e.g., saturated
fatty acids).

4 Includes alcohol. However, it does not imply recommendation of alcohol consumption.
5 Pay extra attention on DGs for dietary fibers.
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