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How many food items must be consumed to meet the
recommended dietary protein intake for older Japanese
adults?

Dear Editor,

In humans, muscle mass and strength begin to decline after the age
of 30.1 We previously reported a dose–response relationship
between protein intake and muscle mass through a systematic
review and meta-analysis that examined the effects of protein intake
on lean body mass.2 The Dietary Reference Intake for Japanese
(2020) set the recommended dietary allowance (RDA: covers the
needs of 97.5% of the population) for protein intake for older adults
aged ≥65 years at 60 g/day for males and 50 g/day for females. The
2012 National Health and Nutrition Survey in Japan (NHNS-J)
reported that approximately 20% of middle-aged and older adults
had a protein intake of less than 1.0 g/kg body weight/day.3 A sys-
tematic review published in 2021 reported that dietary diversity is a
useful measure of dietary adequacy.4 Dietary diversity has been
associated with better physical performance in older Japanese
adults.5 However, to the best of our knowledge, there is no reported
cut-off of the number of food items needed to meet the RDA for
protein intake for older adults. The purpose of this study was to
clarify these relationships regarding Japanese adults aged ≥65 years.

We used data pertaining to 143 older adults (78 males and
65 females) aged 65–88 years who participated in the Kyoto–
Kameoka Study in Japan and kept a dietary record (DR) for seven
consecutive days, from May to June 2012.6 The research staff tau-
ght the participants how to keep a DR using a record sheet that
was completed at the orientation session. The registered dietitians

instructed the participants to keep a record of all the food and
beverages that they consumed. We provided each participant with
a blank DR sheet, a digital scale (TANITA, Tokyo, Japan), and
educational handouts to record food intake. The number of food
items was calculated based on the number of foods consumed
from 18 food groups. Included in the count were cereals, potatoes
and starches, pulses, nuts and seeds, vegetables, fruits, mush-
rooms, algae, fish, mollusks and crustaceans, meat, eggs, milk and
milk products, and fats and oils. Excluded in the count were
sugars and sweeteners, confectionaries, beverages, seasonings and
spices, and prepared foods. These were the same criteria as
followed in the NHNS-J 2013.7

The participants’ mean (standard deviation) age, body mass index
(BMI), energy intake, protein intake, and number of food items con-
sumed were 73.2 (5.3) years, 22.8 (3.2) kg/m2, 1943 (301) kcal/day,
73.6 (12.7) g/day, and 23.1 (7.3) items, respectively. Based on the
seven-day DRs (1001 days’ worth of data), the proportion of males
and females who did not meet the RDA for protein intake was
18.1% and 13.4%, respectively. To determine the number of food
items needed to meet the RDA for protein intake, we calculated the
area under the receiver operating characteristic curves, which was
0.738 (95% CI: 0.686–0.789) for males and 0.702 (95% CI: 0.631–
0.774) for females (Fig. 1a, b). The cut-off number of food items
required to meet the RDA for protein intake was 20 for both males
and females. Multivariate adaptive regression splines analysis showed
that increasing the number of food items by one was associated with

Letters to the Editor - Research Studies

© 2022 The Authors. Geriatrics & Gerontology International
published by John Wiley & Sons Australia, Ltd on behalf of Japan Geriatrics Society.

| 181

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

https://orcid.org/0000-0002-7445-9741
https://doi.org/10.1093/cid/ciab300
https://doi.org/10.1093/cid/ciab300
https://doi.org/10.1056/NEJMoa2028436
https://doi.org/10.1186/s12979-021-00246-9
https://doi.org/10.1186/s12979-021-00246-9
https://doi.org/10.1086/596475
https://doi.org/10.1086/596475
https://doi.org/10.1111/ggi.14342
http://creativecommons.org/licenses/by-nc/4.0/


a protein intake increase of 2.2 g (95% CI: 1.5–2.9) in males and of
2.4 g (95% CI: 1.5–3.2) in females (Fig. 1c, d).

Our results suggest that consuming 20 food items per day allows
both males and females to meet the RDA for protein intake. The
Dietary Guidelines proposed by the Ministry of Health and Welfare
of Japan in 1985 recommended a daily intake of 30 food items per
day to ensure balanced nutrient intake, but this recommendation
was removed in the 2000 revision owing to insufficient evidence.
The American Heart Association has also shown that dietary diver-
sity is not an effective strategy for obesity prevention, as dietary vari-
ety can be associated with weight gain and obesity in adults.8

However, in older adults suffering from unintentional weight loss,
rather than obesity,9 dietary diversity may increase body weight and
ensure sufficient protein intake.4 Therefore, considering that muscle
protein synthesis is higher when protein is consumed in a balanced
manner, by having three meals a day,1 consumption of approxi-
mately seven food items per meal may be useful in preventing or
alleviating sarcopenia and frailty in older adults.

However, the methodology of this study was limited in several
ways. First, the DRs may have been affected by seasonal dietary
intake changes.6 Nevertheless, dietary data from our study partici-
pants may not have a serious bias because the NHNS-J 2013

showed that the mean number of food items consumed was 23.7
and 22.9 in older adults aged 60–69 and those aged ≥70 years,
respectively.7 Second, we did not consider the amount of food
consumed when calculating the number of foods items. A previ-
ous study excluded foods for which less than the minimum
amount was consumed when calculating the number of foods
items.10 The association between food diversity and health out-
comes in older adults requires further research.4

This study was conducted according to the guidelines laid
down in the 1964 Declaration of Helsinki and all procedures
involving research study participants were approved by the
Research Ethics Committee of Kyoto Prefectural University of
Medicine (RBMR-E-363), the National Institutes of Biomedical
Innovation, Health and Nutrition (NIBIOHN-76-2), and Kyoto
University of Advanced Science (No. 20-1).
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Figure 1 Relationship between the number of food items consumed and protein intake. Number of food items needed to meet
the protein intake recommended dietary allowance for (a) males and (b) females. Dose–response relationships between protein
intake and number of food items were evaluated using a restricted cubic spline model adjusted for age, body mass index, and
energy intake, based on the three points recommended according to the distribution of the number of food items in (c) males and
(d) females. Solid lines represent the mean change in protein intake, and dashed lines represent 95% confidence intervals (CI).
ROC, receiver operating characteristic curves; Sens, sensitivity; Spec, specificity. The mean (SD) energy intake, protein intake, and
number of food items consumed were 2070 (301) kcal/day, 77.2 (13.1) g/day, and 22.9 (7.8) items for males, respectively, and 1790
(220) kcal/day, 69.3 (10.8) g/day, and 23.3 (6.8) items for females, respectively.
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