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Abstract: The specific forms of 24 h dietary recall used by national nutrition surveys differ, such
as two non-consecutive days and three consecutive days. However, it is unclear which form of
24 h dietary recall is more accurate in the Chinese population. The purpose of this study was to
compare the performance of 24 h recalls on two consecutive days (C2), three consecutive days (C3),
two non-consecutive days (NC2), and three non-consecutive days (NC3) in estimating Chinese adult
dietary intake. A total of 595 participants completed more than twenty-three 24 h recalls. The average
of all completed 24 h recalls of each subject was defined as the individual’s true dietary intake. The
dietary intake in the four scenarios of 24 h recalls was calculated using the within-person mean (WPM)
method and National Cancer Institute (NCI) method and compared with the true values. Equivalent
testing was used to evaluate whether scenarios NC2 and C3 were equivalent. Bias and mean bias
were used as a measure of precision and accuracy, respectively. For the WPM method, the precision
between the four scenarios was similar. For mean, the accuracy between the four scenarios was
similar, yielding estimates that were close to the true intakes. However, for percentiles, the accuracy in
descending order was scenario NC3, C3, NC2, and C2. Furthermore, the difference between two and
three days was greater than that between consecutive and non-consecutive days. In most case, the
distribution of dietary intakes calculated from scenarios NC2 and C3 was equivalent with equivalence
margins of 5% (p < 0.05). Usually, the NCI method was significantly more accurate than the WPM
method. We concluded that three non-consecutive 24 h recalls relative to three consecutive days
increases accuracy. Two non-consecutive days can be substituted to some extent for three consecutive
days. The new form of 24 h recall needs to be used with caution when applied practically in the
China nutrition surveys. Furthermore, using the NCI method to calculate dietary intake from 24 h
recall may be a way to reduce costs and increase accuracy.

Keywords: 24 h dietary recall; consecutive; accuracy; dietary intake; nutrition survey

1. Introduction

Diet has been associated with many important health outcomes, such as cancer, car-
diovascular diseases, and diabetes [1,2]. Incorrect estimates of dietary status may lead to
incorrect risk estimates of chronic diseases. However, a dietary survey is time-consuming
and requires a lot of human and material resources. How to use a cost-saving instrument
to accurately estimate dietary status remains a global public health challenge. At present,
a variety of dietary survey methods exists, including dietary records, weighing method,
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chemical analysis, 24 h dietary recall, and food frequency questionnaires (FFQ) [3–5]. Of
the many methods available, the 24 h recall is widely used in national nutrition surveys
because of its validity, high precision, and elevated response rate [6–8]. This method is
a subjective recall method that requires a direct face-to-face or telephone interview, and
data can also be collected in the form of online review self-reports via the Internet. The
method consists of accurately recalling, describing, and quantifying the intake of all foods
and beverages consumed in the past 24 h prior to the interview [9]. Enough repeated
24 h recalls can reduce within-individual variation and more accurately estimate usual
dietary intake [10]. However, the number of survey-days needed to obtain dietary data
with sufficient statistical precision at the population level ranged from 3 days for energy
to 41 days for vitamin A, and for the individual level even more days were needed [11].
Although fewer survey days are needed within larger groups, as the number of 24 h recalls
increases, especially in large population-based studies, the human and material resources
required increase substantially [11,12].

National nutrition surveys are essential for assessing population-level dietary intake
and developing public health policies to promote nutrition and health. The 24 h dietary
recall method used for national-level nutrition surveys varies considerably among countries.
The national nutrition surveys conducted in the United States, Canada, Australia, and
Mexico all use two non-consecutive 24 h recalls [6,7,13,14]. In Asia, the Korea National
Health and Nutrition Examination Survey (KNHANES) uses single 24 h recall [15], and
China Nutrition and Health Surveillance (CNHS) uses three consecutive days including two
weekdays and one weekend [16]. There is no existing standard to judge which approach is
the best. In addition, some studies have shown that food consumption on consecutive days
may be correlated [17–19]. For example, a high consumption on one day may be followed
by a very low consumption on the next day. Currently, there are relatively few studies on
the use of new forms of 24 h recalls in Chinese populations.

In this study, participants completed a total of twenty-eight 24 h recalls in a single year.
In addition, the average of over twenty-three 24 h recalls was regarded as the gold standard.
We compared the differences in estimating the population-level dietary intake of Chinese
adults between the four scenarios: two consecutive days, two non-consecutive days, three
non-consecutive days, and three consecutive days. Furthermore, the accuracy of estimates
calculated by the within-person mean (WPM) method and the National Cancer Institute
(NCI) method was compared for the above four scenarios. We aimed to explore whether
the cost and participants’ burden of implementing national nutrition surveillance could be
decreased by reducing the number of 24 h recalls or collecting non-consecutive days based
on the existing accuracy. Furthermore, these findings can provide further evidence for the
use of new forms of 24 h recalls in conducting nutrition surveys in China.

2. Materials and Methods
2.1. Study Design and Participants

To investigate the impact of the number of 24 h recalls on dietary intake assessments in
southern and northern Chinese populations, Zhejiang Province and Shanxi Province were
selected as representative provinces. One urban and one rural survey site were selected
from each province. Ninety-nine male and ninety-nine female subjects were recruited from
each survey site. The selected survey sites were required to have enough experienced
investigators who have participated in the CNHS. Purposive sampling was used to recruit
participants who were cooperative and could be surveyed repeatedly. The exclusion criteria
for participants were as follows: age over 60 years or under 18 years; disabled or mobility
impaired; communication impairment; patients with severe hypertension, hyperglycemia,
or hyperlipidemia. The survey was conducted quarterly for seven consecutive days from
December 2019 to December 2020. Finally, 780 eligible participants from four survey sites
completed twenty-eight 24 h recalls.

In this study, after some survey days were cleared for reporting incredible energy
intake (outside the range of 600 to 4200 kcal per day for male or 400 to 3500 kcal for female),
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28 subjects were excluded for less than twenty-three 24 h recalls [20,21]. When enough
repeated 24 h recalls can represent an individual’s true dietary intake, the dietary intake
estimates should stabilize as the number of 24 h recalls increases. Therefore, for those
subjects who completed twenty-eight 24 h recalls, subjects were included in this analysis if
the difference of the average energy intake calculated from 23 to 27 (28 minus 1 to 28 minus
5) days was less than 5% compared to 28 days. For the other subjects, similar calculations
were performed to determine whether the subjects were included. Ultimately, 595 eligible
participants were included in the analysis.

The study protocol was approved by the Ethics Committee of the Chinese Center for
Disease Control and Prevention (No. 201519-B), and all participants signed an informed
consent form before participating.

2.2. Data Collection and Measurements

A standard set of questionnaires was designed to collect information from subjects,
including basic information, health status, dietary information, and condiments consump-
tion.

The questionnaire’s information was collected by the investigators using in person
interviews in households. In the repeated survey, participants were followed up with
by the same investigator. Investigators must receive uniform training from the national
working group and pass an examination before they can conduct on-site surveys.

2.3. Dietary Intake Assessment

The 24 h dietary recall method was used to collect dietary information from partici-
pants who were asked to recall their food consumption in the past 24 h, including staple
foods, side dishes, snacks, fruits, and beverages. Daily energy and nutrient intakes of the
participants were calculated based on the Chinese Food Composition Tables [22]. To com-
prehensively compare the estimated dietary intakes under the four scenarios, we included
25 dietary components that were frequently assessed, including energy, 19 nutrients (fat,
carbohydrate, protein, dietary fiber, cholesterol, vitamin A, vitamin C, vitamin E, vitamin
B1, vitamin B2, vitamin B3, vitamin B9, calcium, iron, zinc, magnesium, sodium, potassium,
phosphorus) and 5 foods (wheat, pork, vegetables, milk, beans).

2.4. Data Sets

Scenario C2 was defined as two consecutive 24 h recalls. Scenario C3 was defined
as three consecutive 24 h recalls. Scenario NC2 was defined as two non-consecutive 24 h
recalls within a week, i.e., the first and second days were separated by a minimum of one
day and a maximum of five days. Scenario NC3 was defined as three non-consecutive 24 h
recalls within a week, i.e., two adjacent days were separated by a minimum of one day and
the first and third days were separated by a maximum of five days. Seasonal and weekend
effects may lead to different results at different survey times. For example, the estimates for
Monday and Tuesday in summer are different from the estimates for Friday and Saturday
in winter. To overcome this limitation, we generated data sets containing all possible
combinations of collection days, e.g., for scenario NC3, a data set of Monday, Wednesday,
Friday; then Monday, Wednesday, Saturday; then Monday, Wednesday, Sunday; and so on,
until all combinations were drawn. It should be noted that the maximum interval between
two days is five days, because in practice, 24 h recalls are completed during a week. Thus,
scenarios C2, C3, NC2, and NC3 generated 24, 20, 60, and 40 data sets, respectively.

2.5. Statistical Analysis

We calculated dietary intake estimates for the four scenarios using the NCI method
and WPM method, respectively. In addition, the NCI model was adjusted for age, sex, and
weekend effects’ covariates [23,24]. The true dietary intake was defined as the average
of all 24 h recalls (twenty-three or more) which was considered as the ‘gold standard’ for
dietary intake [20].
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To compare estimates from different scenarios and methods, we calculated bias B for
each dietary component,

Bi = Ei − Ti (1)

mean bias (MB),

MBi =
∑N

i = 1(Ei − Ti)

N
(2)

mean relative bias (MRB),

MRBi =

∣∣∣∣ MBi
Ti

∣∣∣∣× 100% (3)

and mean squared error (MSE),

MSEi =
∑N

i = 1(Ei − Ti)
2

N
(4)

where Ei and Ti are defined as the estimated and true value of the parameter for the dietary
components i, respectively, and N is the number of data sets for each scenario.

We used equivalence testing with equivalence margins of 1, 5, and 10% of the estimates
(for means and percentiles) from scenario C3 to evaluate whether the parameters from
scenario NC2 and C3 were equivalent [25]. Ninety percent confidence intervals with a
confidence level α equal to 0.05 were calculated as the equivalence test relative to the two
one-sided tests [26].

The NCI method and other analyses were conducted by SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA), and all plots were constructed by R version 4.1.2.

3. Results
3.1. Subjects’ Characteristics

The study population consisted of 595 participants, including 48.9% aged between 18
and 40, 52.1% female, 51.1% urban population, and 54.5% from the northern region. Most
participants (86.4%) completed 28 qualified 24 h recalls. The characteristic distribution of
the subjects from the south and north was similar. The detailed characteristics of the study
population are presented in Table 1.

Table 1. The characteristics of participants aged from 18 to 60.

Characteristics Total Northern Southern

N 595 (100%) 324 (54.5%) 271 (45.5%)
Age group (year)

18–39 291 (48.9%) 170 (52.5%) 121 (44.6%)
40–60 304 (51.1%) 154 (47.5%) 150 (55.4%)

Gender
Male 285 (47.9%) 154 (47.5%) 131 (48.3%)

Female 310 (52.1%) 170 (52.5%) 140 (51.7%)
Urban or Rural

Urban 304 (51.1%) 164 (50.6%) 140 (51.7%)
Rural 291 (48.9%) 160 (49.4%) 131 (48.3%)

Education level
Primary school or below 34 (5.7%) 11 (3.4%) 23 (8.5%)

Middle school 186 (31.3%) 130 (40.1%) 56 (20.7%)
High school and above 375 (63%) 183 (56.5%) 192 (70.8%)
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Table 1. Cont.

Characteristics Total Northern Southern

Household income level *
Low 9 (1.5%) 8 (2.5%) 1 (0.4%)

Medium 124 (20.8%) 110 (34.0%) 14 (5.2%)
High 204 (34.3%) 56 (17.2%) 148 (54.5%)

Unclear 258 (43.4%) 150 (46.3%) 108 (39.9%)
BMI (Kg/m2)

18.5< 13 (2.2%) 4 (1.2%) 9 (3.3%)
18.5–23.9 300 (50.4%) 143 (44.1%) 157 (57.9%)

≥24 282 (47.4%) 177 (54.7%) 105 (38.8%)
The number of 24 h recalls

23 4 (0.7%) 1 (0.3%) 3 (1.1%)
24 4 (0.7%) 4 (1.2%) 0 (0%)
25 5 (0.8%) 1 (0.3%) 4 (1.5%)
26 12 (2.0%) 5 (1.5%) 7 (2.6%)
27 56 (9.4%) 29 (9.0%) 27 (10.0%)
28 514 (86.4%) 284 (87.7%) 230 (84.8%)

*—Household Income Level: low (<20,000 RMB), medium (20,000–50,000 RMB), high (≥50,000 RMB), and Unclear
(unknown or refused to answer); BMI—Body Mass Index.

3.2. Comparison of Four Scenarios Based on WPM Method

Figure 1 shows boxplots of the biases in each scenario estimated by the WPM method,
confirming similar precision between the scenarios. The differences in the spread of
bias between the four scenarios were few, especially when compared to mean; however,
those had changed with dietary components and parameters. Regardless of the dietary
components, there was a tendency of decreasing precision from the 5th to the 95th percentile
for each scenario. Interestingly, except for mean and median, three 24 h recalls were more
accurate than two 24 h recalls whether the survey days were consecutive or not. Greater
differences were observed in foods between three 24 h recalls and two 24 h recalls, such as
vegetables and pork.

Figure 2 shows the mean relative biases of four scenarios estimated by the WPM
method for dietary components. The accuracy between scenario NC3 and C3 are similar,
as are scenario NC2 and C2. It is interesting to note that, for any food and nutrient, the
percentile estimates (from 1st to 99th) of dietary intake calculated using three 24 h recalls
were closer to the true values than those calculated using two 24 h recalls. In most cases,
the mean relative biases of dietary intake calculated for these four scenarios were from
largest to smallest for scenario C2, NC2, C3, and NC3, but the differences between the same
number of days were small. As expected, the number of 24 h recalls was the main factor
affecting the accuracy of dietary intake estimates, rather than whether multiple 24 h recalls
were consecutive. This effect was more pronounced for certain dietary components, such
as fat, sodium, and milk. Furthermore, the greater differences between two and three 24 h
recalls were observed at both ends of the percentiles.

Table 2 shows the true value, mean bias, mean relative bias, and MSE for the mean
and some percentiles of the dietary intake distribution based on the WPM method in each
evaluated scenario. The mean relative bias and MSE of the presenting percentiles were
similar in scenarios NC3 and C3 and were much smaller than those in scenarios NC2 and C2.
The scenarios NC3 and C3 yielded more accurate estimates for the percentiles than scenarios
NC2 and C2, particularly for the 5th and 95th percentiles. With few exceptions, the accuracy
of scenario NC3 was the highest while scenario C2 was the lowest. The performances of
estimating the mean between compared scenarios were close, yielding estimates close to the
true values. Over all scenarios and dietary components, the range of the mean relative bias
in the mean of the dietary intake varied from 0.00% to 1.68%. However, the corresponding
ranges of the 5th and 95th percentiles were much wider, especially for the foods with low
consumption frequency, such as pork, where the corresponding ranges were from 100% to
100% and from 27.07% to 39.92%, respectively.
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Figure 1. Boxplot of biases of intake calculated for energy, protein, vitamin C, vitamin B2, calcium,
potassium, vegetables, and pork based on each scenario with WPM method. C2 = Two consecutive
24 h recalls; C3 = Three consecutive 24 h recalls; NC2 = Two non-consecutive 24 h recalls; NC3 = Three
non-consecutive 24 h recalls.
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Figure 2. Mean relative bias of the percentiles (from 1st to 99th) of intake calculated for energy,
protein, vitamin C, thiamin, calcium, potassium, vegetables, and pork based on each scenario with
WPM method. C2 = Two consecutive 24 h recalls; C3 = Three consecutive 24 h recalls; NC2 = Two
non-consecutive 24 h recalls; NC3 = Three non-consecutive 24 h recalls.
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Table 2. Mean bias, mean relative bias, and MSE of estimates obtained with each scenario for each
dietary component based on the WPM method.

Dietary
Components Parameter True

Value
Mean Bias (Mean Relative Bias %) MSE

C2 NC2 C3 NC3 C2 NC2 C3 NC3

Protein
(g)

Mean 66.47 −0.01 (−0.01) 0.02 (0.03) −0.04 (−0.06) 0.03 (0.05) 3.34 2.97 3.16 2.77
P05 38.46 −6.48 (16.84) −6.31 (16.40) −5.29 (13.75) −4.93 (12.82) 43.03 40.86 29.42 25.33
P10 43.48 −6.42 (14.76) −6.04 (13.88) −5.36 (12.33) −4.64 (10.67) 42.73 37.34 29.73 22.72
P25 51.70 −3.98 (7.69) −3.84 (7.42) −3.11 (6.01) −2.72 (5.27) 17.24 15.82 10.54 8.30
P50 63.66 −1.78 (3.18) −1.48 (2.78) −1.53 (2.75) −0.93 (2.34) 5.56 4.33 4.28 3.01
P75 79.31 1.24 (2.68) 1.06 (2.68) 0.98 (2.56) 0.69 (2.14) 7.15 6.49 6.44 4.58
P90 91.21 10.33 (11.32) 9.48 (10.39) 8.46 (9.28) 7.71 (8.45) 124.67 107.60 87.89 75.06
P95 103.04 13.92 (13.51) 11.79 (11.44) 10.69 (10.38) 9.26 (8.99) 237.60 175.03 147.45 113.17

Zinc
(mg)

Mean 9.90 −0.01 (−0.07) 0 (0.04) −0.01 (−0.14) 0.01 (0.07) 0.12 0.11 0.11 0.10
P05 5.63 −1.08 (19.13) −1.03 (18.30) −0.91 (16.19) −0.85 (15.08) 1.18 1.09 0.87 0.76
P10 6.17 −0.87 (14.11) −0.8 (12.89) −0.72 (11.63) −0.58 (9.33) 0.79 0.67 0.54 0.39
P25 7.53 −0.63 (8.42) −0.58 (7.71) −0.50 (6.66) −0.42 (5.63) 0.44 0.40 0.29 0.24
P50 9.31 −0.19 (3.36) −0.19 (2.87) −0.12 (3.15) −0.09 (2.62) 0.13 0.11 0.13 0.09
P75 11.82 0.04 (2.98) 0.08 (3.06) 0.02 (2.93) 0.03 (2.82) 0.17 0.19 0.17 0.17
P90 14.06 1.16 (8.28) 1.07 (7.61) 0.98 (6.99) 0.87 (6.21) 1.86 1.54 1.36 1.08
P95 16.06 1.75 (10.89) 1.52 (9.48) 1.28 (8.1) 1.13 (7.09) 3.90 3.03 2.40 1.87

Vitamin C
(mg)

Mean 65.68 −0.06 (−0.09) 0.01 (0.01) −0.21 (−0.31) −0.03 (−0.04) 15.88 16.13 14.30 15.65
P05 28.59 −13.71 (47.96) −13.71 (47.97) −11.32 (39.59) −10.4 (36.37) 191.38 191.45 130.65 110.08
P10 35.41 −14.13 (39.91) −13.44 (37.94) −11.51 (32.49) −10.53 (29.75) 205.34 184.91 135.68 115.61
P25 45.32 −9.88 (21.81) −9.52 (21.00) −7.72 (17.03) −7.39 (16.31) 105.04 99.41 66.08 65.57
P50 61.68 −4.69 (8.59) −4.75 (8.07) −3.92 (7.31) −3.60 (6.81) 38.72 36.95 29.25 27.16
P75 80.23 4.98 (6.95) 5.01 (6.84) 3.85 (5.77) 3.79 (5.98) 50.78 50.25 36.61 35.68
P90 101.46 16.76 (16.52) 16.64 (16.40) 13.85 (13.65) 12.98 (12.80) 367.07 351.90 263.58 232.32
P95 120.30 24.08 (20.02) 22.81 (18.96) 17.59 (14.62) 15.80 (13.14) 680.31 619.95 377.94 334.97

Vegetables
(g)

Mean 221.59 −0.17 (−0.08) 0 (0) −0.07 (−0.03) 0.13 (0.06) 45.31 38.12 36.83 28.34
P05 92.77 −44.38 (47.84) −42.73 (46.07) −33.69 (36.32) −32.67 (35.22) 1990.09 1853.40 1160.65 1096.74
P10 115.60 −42.02 (36.35) −41.91 (36.25) −33.77 (29.21) −32.45 (28.07) 1785.84 1783.45 1165.28 1072.67
P25 152.07 −31.18 (20.50) −29.18 (19.19) −25.29 (16.63) −22.54 (14.82) 998.71 872.37 653.75 531.96
P50 205.82 −11.89 (5.78) −9.93 (5.08) −8.79 (4.96) −6.71 (3.66) 184.77 143.52 136.72 83.84
P75 276.24 16.40 (6.23) 15.40 (5.60) 12.80 (4.95) 12.34 (4.47) 419.00 308.78 283.12 208.32
P90 342.43 61.85 (18.06) 58.61 (17.12) 49.45 (14.44) 44.5 (13.00) 4146.79 3697.01 2717.41 2059.91
P95 394.86 88.21 (22.34) 87.18 (22.08) 72.94 (18.47) 67.12 (17.00) 8194.88 8082.75 5882.91 4812.53

MSE—Mean square error; C2—Two consecutive 24 h recalls; NC2—Two non-consecutive 24 h recalls; C3—Three
consecutive 24 h recalls; NC3—Three non-consecutive 24 h recalls.

3.3. Equivalence Testing between Scenario C3 and NC2

Table 3 shows that, in most cases, the estimates via scenarios C3 and NC2 are func-
tionally identical for applied use. The equivalence testing was statistically significant by
(p < 0.05) when equivalence testing was with equivalence margins of 10% of scenario C3
estimates. For the means, scenarios C3 and NC2 were equivalent within 5% error for all
dietary components, and they were equivalent even within 1% error for most nutrients,
such as energy, protein, vitamin B1, vitamin B2, and zinc. However, equivalence margins
of percentiles with statistical significance were larger than those of the mean. For example,
the equivalence margins for fat, vitamin C, sodium, and vegetables at the 5th and 10th
percentiles were mostly in the range of 5 to 10%. In addition, the 90% confidence interval
for foods with low consumption frequencies (such as pork and milk) and for nutrients with
wide variations in different foods (such as vitamin A and sodium), was wider than for
other dietary components.
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Table 3. Equivalence testing for mean and percentiles of the estimates via scenarios NC2 and C3.

Dietary
Components

90% Confidence Interval (%)

Mean P5 P10 P25 P50 P75 P90 P95

Energy (−0.73, 0.77) * (−4.19, −2.50) ** (−2.60, −1.40) ** (−1.44, −0.10) ** (−0.94, 0.64) * (−0.14, 1.76) ** (−0.21, 1.88) ** (0.40, 2.40) **
Fat (−1.00, −0.01) * (−12.70, −9.96) *** (−9.59, −7.59) *** (−7.61, −6.01) *** (−3.31, −2.05) ** (−0.53, 0.86) * (2.58, 4.39) ** (1.95, 3.98) **

Protein (−0.55, 0.73) * (−3.87, −2.29) ** (−2.39, −1.15) ** (−2.01, −0.98) ** (−0.50, 0.64) * (−0.60, 0.82) * (0.00, 2.05) ** (−0.32, 2.25) **
CHO (−0.77, 1.13) ** (−4.00, −2.53) ** (−3.26, −2.10) ** (−1.43, 0.26) ** (−0.58, 1.53) ** (−0.34, 1.98) ** (−0.23, 2.01) ** (−0.70, 2.02) **
Fiber (−0.64, 0.66) * (−8.25, −6.99) *** (−5.13, −4.13) ** (−4.32, −3.26) ** (−1.99, −0.49) ** (−0.05, 1.58) ** (0.97, 2.71) ** (2.64, 4.56) **

Cholesterol (−1.43, 0.49) ** (−68.21, −54.79) (−44.4, −36.58) (−10.10, −6.30) *** (−2.24, −0.07) ** (−0.01, 1.71) ** (1.81, 3.70) ** (3.62, 5.91) **

Calcium (−0.50, 0.22) * (−7.14, −4.58) ** (−6.28, −4.16) ** (−4.08, −2.78) ** (−1.78, −0.74) ** (−0.47, 0.53) * (1.44, 3.21) ** (0.78, 3.22) **
Iron (−1.34, 1.6) ** (−4.14, −2.73) ** (−2.84, −1.30) ** (−2.80, −1.10) ** (−2.58, −0.26) ** (−1.70, 1.61) ** (−1.02, 3.28) ** (1.36, 6.83) **
Zinc (−0.65, 1.00) * (−3.48, −1.56) ** (−2.28, −0.58) ** (−1.95, −0.29) ** (−1.49, 0.08) ** (−0.31, 1.44) ** (−0.44, 1.61) ** (0.18, 2.59) **

Magnesium (−0.66, 0.88) * (−4.64, −2.89) ** (−3.03, −1.70) ** (−2.13, −0.87) ** (−1.35, 0.16) ** (−0.63, 1.24) ** (0.59, 2.74) ** (0.71, 3.18) **
Sodium (−0.87, 0.38) * (−12.03, −7.48) *** (−10.02, −7.13) *** (−7.78, −6.23) *** (−5.86, −4.55) ** (−0.89, 0.67) * (2.41, 4.68) ** (3.43, 6.36) **

Potassium (−0.82, 0.84) * (−3.88, −2.35) ** (−2.30, −1.16) ** (−1.58, −0.23) ** (−0.71, 0.88) * (−1.07, 0.60) ** (−0.30, 1.94) ** (0.45, 3.38) **
Phosphorus (−0.56, 0.80) * (−3.61, −2.27) ** (−2.45, −1.23) ** (−1.20, 0.10) ** (−0.44, 0.79) * (−0.13, 1.33) ** (−0.36, 1.78) ** (−0.26, 1.82) **

Vitamin A (−2.43, 1.95) ** (−17.22, −13.56) (−13.69, −10.36) (−8.56, −5.42) *** (−5.65, −1.90) ** (−4.07, 1.03) ** (−0.72, 5.87) *** (1.05, 7.36) **
Vitamin C (−1.16, 1.81) ** (−16.40, −11.35) (−10.16, −5.99) *** (−6.67, −2.91) ** (−3.05, 0.17) ** (−0.07, 2.81) ** (0.58, 4.25) ** (2.08, 5.49) **
Vitamin E (−1.55, 0.89) ** (−7.62, −5.56) *** (−6.51, −4.58) ** (−6.09, −3.73) ** (−4.32, −1.65) ** (−2.07, 0.69) ** (1.18, 4.43) ** (4.69, 8.18) **

Vitamin B1 (−0.48, 0.81) * (−8.87, −6.87) *** (−6.05, −4.60) ** (−3.06, −1.46) ** (−1.08, 0.63) ** (0.03, 1.69) ** (1.65, 3.46) ** (0.99, 2.83) **
Vitamin B2 (−0.65, 0.51) * (−3.70, −1.91) ** (−4.87, −3.39) ** (−2.35, −0.87) ** (−1.25, 0.13) ** (−0.17, 1.01) ** (−0.1, 1.53) ** (0.51, 2.31) **
Vitamin B3 (−0.60, 0.67) * (−3.80, −2.13) ** (−3.35, −1.92) ** (−2.58, −1.36) ** (−0.88, 0.20) * (−0.60, 0.93) * (−0.4, 1.57) ** (0.63, 3.51) **
Vitamin B9 (−1.24, 0.53) ** (−11.09, −8.39) *** (−8.25, −6.41) *** (−4.97, −3.01) ** (−2.57, −0.45) ** (−0.20, 1.78) ** (0.44, 2.47) ** (1.99, 4.48) **

Wheat (−0.54, 1.50) ** (−99.85, −91.18) (−25.27, −20.14) (−6.03, −3.12) ** (0.08, 2.27) ** (0.74, 3.55) ** (1.27, 3.80) ** (0.61, 3.24) **
Pork (−1.99, 0.07) ** - - (−102.83, −96.17) (−15.3, −10.15) (0.43, 2.53) ** (2.59, 5.19) ** (7.54, 10.49) ***

Vegetables (−0.65, 0.72) * (−17.45, −13.16) (−11.50, −8.40) *** (−3.92, −2.21) ** (−1.45, 0.29) ** (0.12, 1.67) ** (1.32, 3.36) ** (1.87, 4.22) **
Milk (−2.92, 2.39) ** - - - (−107.33, −92.67) (−6.01, −0.11) *** (0.75, 5.19) *** (−1.46, −0.49) **

Beans (−2.33, 1.94) ** - (−114.93, −85.07) (−30.10, −23.40) (−9.45, −5.95) *** (−4.97, −0.54) ** (0.96, 6.46) *** (8.39, 13.93) ***

CHO—Carbohydrate; C3—Three consecutive 24 h recalls; NC2—Two non-consecutive 24 h recalls; *—Statistically significant by equivalence testing (p < 0.05) when equivalence testing
with equivalence margins of 1% of scenario C3 estimates (for all paraments); **—Statistically significant by equivalence testing (p < 0.05) when equivalence testing with equivalence
margins of 5% of scenario C3 estimates (for all paraments); ***—Statistically significant by equivalence testing (p < 0.05) when equivalence testing with equivalence margins of 10% of
scenario C3 estimates (for all paraments).
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3.4. Comparison of Four Scenarios between WPM and NCI Method

Figure 3 shows that the mean relative biases for the percentiles (from 1st to 99th) of
dietary intake estimated by the NCI method were significantly less than those estimated by
the WPM method, especially for the percentiles outside the interquartile range. For example,
the mean relative bias for the 25th percentile of energy intake by the WPM method was twice
as high as the result estimated by the NCI method. These results illustrated that the NCI
method always provides more accurate estimates than the WPM method, regardless of the
number of 24 h recalls and whether the survey days were consecutive or not.
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Figure 3. The mean relative biases of the percentiles (from 1st to 99th) of intake calculated for energy,
protein, fat, and CHO based on each scenario with the WPM and NCI method. NCI = National Cancer
Institute; WPM = Within-person mean; C2 = Two consecutive 24 h recalls; C3 = Three consecutive
24 h recalls; NC2 = Two non-consecutive 24 h recalls; NC3 = Three non-consecutive 24 h recalls;
CHO = Carbohydrate.

More results are presented in the supplementary material (Table S1, Figures S1–S3),
including: the boxplot of bias for each scenario and each dietary component with the
WPM method; the smooth line of mean relative bias of the percentiles (from 1st to 99th)
for all dietary components based on each scenario with the WPM method; the mean bias,
mean relative bias, and MSE of estimates in the 5th, 10th, 25th, 50th, 75th, 90th, and 95th
percentiles as well as the mean for each scenario and dietary components with the WPM
method; as well as the smooth line of mean relative bias of the percentiles (from 1st to 99th)
for all dietary components based on each scenario with the NCI and WPM methods.
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4. Discussion

The China Nutrition and Health Survey (CNHS) is a national nutrition survey to
understand the dietary structure, nutrition, and health status of the population and its
changing tendencies [27]. The findings of CNHS can reveal the impact of socio-economic
factors on the nutrition and health status among the Chinese population and provide
science-based evidence for making and conducting public health policies. The reliability
of the CNHS dietary survey methodology is critical as an important basis for assessing
population nutritional status. According to previous monitoring reports, the average
number of participants in each dietary survey reached about 80,000, which would bring a
very heavy workload [27].

The primary aims of this study were to find the new form of 24 h recall to reduce the
cost invested and the burden on subjects in CNHS. Hence, we compared four scenarios for
estimating dietary intake using the 24 h recall. The results showed that, with a few dietary
exceptions, the three non-consecutive 24 h recalls outperformed compared with the other
three scenarios. The bias distribution was similar between the four scenarios, especially
at the mean and median, indicating that the four scenarios have the same precision. In
other words, for each scenario, the stability was similar when using samples drawn from
different times of the year to estimate dietary intake. Additionally, the range of bias tended
to increase from the 5th to 95th percentile, indicating that the intake fluctuated more across
time for the high intake group.

Previous studies have shown that food intake is significantly reduced from winter to
summer, with the highest intake of energy, protein, and fat occurring in winter and the
lowest in summer [28–30]. Moreover, the intake of energy and carbohydrates is more on
weekends than on weekdays [31]. Both seasonal and weekend effects can affect dietary
intake [28–31]. To overcome this limitation on comparing the accuracy of the four scenarios,
we calculated the mean of all samples for each scenario as a representative value to compare
the accuracy between the four scenarios. The results showed that from the 1st to 99th
percentile, three non-consecutive days appeared to be the most accurate scenario, followed
by three consecutive days. The accuracy between two non-consecutive days and two
consecutive days was close, but the former was better. The above results indicated that for
the dietary intake calculated by the WPM method, the more non-consecutive 24 h recalls
were collected, the more accurate the data were. Additionally, the number of 24 h recalls
had a greater impact on the accuracy than whether it was consecutive or not. This may be
because the main factor affecting the group dietary intake is the within-person variation
which decreases with the increase in the number of 24 h recalls [32]. In addition, there is
an association between consecutive days, for example, one day of high intake followed by
the next day of low intake, so non-consecutive days are recommended to collect dietary
information [17–19,33].

These results are consistent with studies in African American youth, which found that
the reliability estimates of energy, fat, fruit, and vegetable intake increased with the number
of 24 h recalls [20]. Similar results have also been reported by Ma et al. in middle-aged
white women, which indicated that estimates of energy intake from the two recalls better
approximated true energy expenditure than did the first recall, and the three recalls further
improved the estimate [34]. Moreover, one study used 16 food records collected over a year
as a reference to compare three consecutive-day and three random-day records of dietary
intake, and found that for energy, protein, fat, and calcium, the random days were more
accurate than the consecutive day, which is consistent with our findings [17].

Subsequently, we compared the means and percentiles of dietary intake estimated for
the four scenarios. The results showed that the means estimated for all four scenarios were
very close to the true values, suggesting that accurate results were obtained for the average
dietary intake, regardless of two or three days, consecutive or non-consecutive days. For
percentiles, however, the mean relative bias and MSE of three non-consecutive days were
minimal, indicating that it is not only a more accurate scenario than the others, but also less
affected by extreme intakes. Although we believe that three non-consecutive 24 h recalls
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have a higher accuracy, it does not reduce participants’ burden and cost, so it is not suitable
for large-scale surveys such as CNHS. Therefore, we explored the accuracy lost by using
two non-consecutive days instead of three consecutive days. The results found that for
the mean and median, the two scenarios were equivalent within 5% error; however, for
the 5th and 10th percentiles, the error expanded to 10%. The above results hold for most
dietary components, especially energy and macronutrients. However, they may not be
suitable to nutrients with high variability in food content and foods with low frequency,
such as vitamin A, sodium, and pork. Furthermore, for these dietary components, the
parameters estimated for each scenario differed significantly from the true values. Some
statistical methods may be able to address these issues, for instance, the NCI method uses a
short-term 24 h dietary recalls to estimate usual dietary intake [21].

Another aim of this study was to compare the accuracy of the four scenarios by
different methods. A previous study has shown that dietary intakes estimated by the
NCI method using three consecutive 24 h recalls were closer to the true values than
the WPM method at both the group and individual levels [35]. As with the results of
previous studies, these results found that for each scenario and each dietary component,
the NCI method performed better. The NCI method can obtain more accurate estimates
by eliminating within-person variation and shrinking the intake distribution toward the
mean [36]. However, since the intake estimates for the NCI method were not compared
across the four scenarios, it could not be determined which scenario was more accurate. In
a follow-up study, we will compare the differences between the four scenarios under the
NCI method to find the most accurate and least costly scenario for the 24 h dietary recall
with statistical correction via the NCI method.

A limitation of the present study is that two or three 24 h recalls were drawn from
multiple replicate 24 h recalls, so they may not capture the effect of reducing the number
of replicate 24 h recalls on the participants. However, we speculate that using only two
non-consecutive 24 h recalls in the population would have yielded more accurate results
than the present study. In addition, this study only explored Chinese adults from 18 to
60 years, excluding minors and the elderly, so caution is needed when extrapolating the
results.

These findings provided support for the adoption of a new form of 24 h recall in the
CNHS. Firstly, this study provided the average of twenty-eight 24 h recalls as true values,
which were obtained from actual surveys rather than simulations. Second, we compared
differences between four scenarios of 24 h recall among energy, nutrients, and foods to
illustrate the generalizability of the results, which is consistent with the purpose of the
CNHS dietary survey. Further, we compared all possible survey days drawn from the week
distributed over the four seasons, because each monitoring site conducts dietary surveys at
different times in the actual survey.

5. Conclusions

In the Chinese adult population, the three non-consecutive 24 h recalls provide a more
accurate estimate of dietary intake, but a little improvement relative to three consecutive
days. For most foods and nutrients, two non-consecutive days can replace three consecutive
days, but can impair some accuracy. For all four scenarios of 24 h recalls, the NCI method
achieved significantly more accurate results than the WPM method. Hence, in the China
nutrition surveys, we recommend that two non-consecutive 24 h dietary recall is used to
collect dietary data and the NCI method is used to correct within-person variation.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14091960/s1, Figure S1: Boxplot of biases of intake calculated
for all dietary components based on each scenario with WPM method; Figure S2: Mean relative bias
of the percentiles (from 1st to 99th) of intake calculated for all dietary components based on each
scenario with WPM method; Figure S3: The mean relative bias of the percentiles (from 1st to 99th) of
intake calculated for all dietary components based on each scenario with WPM and NCI method;
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Table S1: The mean bias, mean relative bias, and MSE of estimates obtained with each scenario. All
selected dietary components were included in supplementary tables and figures.

Author Contributions: Conceptualization, K.H. and H.F.; methodology, K.H. and H.F.; software,
K.H.; formal analysis, K.H.; investigation, Q.G., D.Y., L.J., S.L., X.C., and X.X.; validation, Q.G., D.Y.,
and Y.Y.; resources, L.Z.; data curation, Q.G. and D.Y.; writing—original draft preparation, K.H.;
writing—review and editing, H.F., Q.G., Y.Y., Q.C., and X.Y.; supervision, H.F.; project administration,
L.Z. All authors have read and agreed to the published version of the manuscript.

Funding: National Key Research and Development Project (Number: 2018YFC1603103); National
Health Commission of the People’s Republic of China Medical Reform Major Program: China Adults
Chronic Diseases and Nutrition Surveillance of (2015).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Nation Institute for Nutrition and Health,
Chinese Center for Disease Control and Prevention (protocol code 201519-B and date of approval
06/2015).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are non-public.

Acknowledgments: We thank the CDC investigators of this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sofi, F.; Abbate, R.; Gensini, G.F.; Casini, A. Accruing evidence on benefits of adherence to the Mediterranean diet on health: An

updated systematic review and meta-analysis. Am. J. Clin. Nutr. 2010, 92, 1189–1196. [CrossRef] [PubMed]
2. Serra-Majem, L.; Roman, B.; Estruch, R. Scientific evidence of interventions using the Mediterranean diet: A systematic review.

Nutr. Rev. 2006, 64, S27–S47. [CrossRef] [PubMed]
3. Ortega, R.M.; Perez-Rodrigo, C.; Lopez-Sobaler, A.M. Dietary assessment methods: Dietary records. Nutr. Hosp. 2015, 31 (Suppl.

3), 38–45. [CrossRef]
4. Perez Rodrigo, C.; Aranceta, J.; Salvador, G.; Varela-Moreiras, G. Food frequency questionnaires. Nutr. Hosp. 2015, 31 (Suppl. 3),

49–56. [CrossRef] [PubMed]
5. Shim, J.S.; Oh, K.; Kim, H.C. Dietary assessment methods in epidemiologic studies. Epidemiol. Health 2014, 36, e2014009.

[CrossRef]
6. National Center for Health Statistics. National Health and Nutrition Examination Survey. Available online: https://www.cdc.

gov/nchs/nhanes/index.htm (accessed on 5 July 2021).
7. Canada, H. Reference Guide to Understanding and Using the Data—2015 Canadian Community Health Survey—Nutrition. Avail-

able online: https://www.canada.ca/en/health-canada/services/food-nutrition/food-nutrition-surveillance/health-nutrition-
surveys/canadian-community-health-survey-cchs/ (accessed on 9 February 2022).

8. Yu, D.; Zhao, L.; Zhao, W. Status and trends in consumption of grains and dietary fiber among Chinese adults (1982–2015). Nutr.
Rev. 2020, 78, 43–53. [CrossRef]

9. Castell, G.S.; Serra-Majem, L.; Ribas-Barba, L. What and how much do we eat? 24-hour dietary recall method. Nutr. Hosp. 2015,
31 (Suppl. 3), 46–48. [CrossRef]

10. Walter, W. Nutritional Epidemiology, 3rd ed.; Oxford University Press: New York, NY, USA, 2012.
11. Basiotis, P.P.; Welsh, S.O.; Cronin, F.J.; Kelsay, J.L.; Mertz, W. Number of days of food intake records required to estimate individual

and group nutrient intakes with defined confidence. J. Nutr. 1987, 117, 1638–1641. [CrossRef]
12. Luo, H.; Dodd, K.W.; Arnold, C.D.; Engle-Stone, R. A New Statistical Method for Estimating Usual Intakes of Nearly-Daily

Consumed Foods and Nutrients through Use of Only One 24-hour Dietary Recall. J. Nutr. 2019, 149, 1667–1673. [CrossRef]
13. Australian Bureau of Statistics. Australian Health Survey: Nutrition FirstResultsFoodsand Nutrients, 2011–2012. Available online:

https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/0D6B1FE95EAB8FF3CA257CD2001CA113?opendocument (accessed on 15
January 2021).

14. Castellanos-Gutierrez, A.; Rodriguez-Ramirez, S.; Bromage, S.; Fung, T.T.; Li, Y.; Bhupathiraju, S.N.; Deitchler, M.; Willett, W.;
Batis, C. Performance of the Global Diet Quality Score with Nutrition and Health Outcomes in Mexico with 24-h Recall and FFQ
Data. J. Nutr. 2021, 151, 143S–151S. [CrossRef]

15. Jung, S.; Park, S.; Kim, J.Y. Comparison of dietary share of ultra-processed foods assessed with a FFQ against a 24-h dietary recall
in adults: Results from KNHANES 2016. Public Health Nutr. 2022, 25, 1166–1175. [CrossRef] [PubMed]

16. Zhao, F.L.; He, L.; Zhao, L.Y.; Guo, Q.Y.; Yu, D.M.; Ju, L.H.; Fang, H.Y. The Status of Dietary Energy and Nutrients Intakes among
Chinese Elderly Aged 80 and Above: Data from the CACDNS 2015. Nutrients 2021, 13, 1622. [CrossRef] [PubMed]

http://doi.org/10.3945/ajcn.2010.29673
http://www.ncbi.nlm.nih.gov/pubmed/20810976
http://doi.org/10.1111/j.1753-4887.2006.tb00232.x
http://www.ncbi.nlm.nih.gov/pubmed/16532897
http://doi.org/10.3305/nh.2015.31.sup3.8749
http://doi.org/10.3305/nh.2015.31.sup3.8751
http://www.ncbi.nlm.nih.gov/pubmed/25719771
http://doi.org/10.4178/epih/e2014009
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.canada.ca/en/health-canada/services/food-nutrition/food-nutrition-surveillance/health-nutrition-surveys/canadian-community-health-survey-cchs/
https://www.canada.ca/en/health-canada/services/food-nutrition/food-nutrition-surveillance/health-nutrition-surveys/canadian-community-health-survey-cchs/
http://doi.org/10.1093/nutrit/nuz075
http://doi.org/10.3305/nh.2015.31.sup3.8750
http://doi.org/10.1093/jn/117.9.1638
http://doi.org/10.1093/jn/nxz070
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/0D6B1FE95EAB8FF3CA257CD2001CA113?opendocument
http://doi.org/10.1093/jn/nxab202
http://doi.org/10.1017/S1368980022000179
http://www.ncbi.nlm.nih.gov/pubmed/35042567
http://doi.org/10.3390/nu13051622
http://www.ncbi.nlm.nih.gov/pubmed/34066082


Nutrients 2022, 14, 1960 14 of 14

17. Larkin, F.A.; Metzner, H.L.; Guire, K.E. Comparison of three consecutive-day and three random-day records of dietary intake. J.
Am. Diet. Assoc. 1991, 91, 1538–1542. [CrossRef]

18. El Lozy, M. Dietary variability and its impact on nutritional epidemiology. J. Chronic Dis. 1983, 36, 237–249. [CrossRef]
19. Morgan, K.J.; Johnson, S.R.; Goungetas, B. Variability of food intakes. An analysis of a 12-day data series using persistence

measures. Am. J. Epidemiol. 1987, 126, 326–335. [CrossRef]
20. St George, S.M.; Van Horn, M.L.; Lawman, H.G.; Wilson, D.K. Reliability of 24-Hour Dietary Recalls as a Measure of Diet in

African-American Youth. J. Acad. Nutr. Diet. 2016, 116, 1551–1559. [CrossRef]
21. Tooze, J.A.; Kipnis, V.; Buckman, D.W.; Carroll, R.J.; Freedman, L.S.; Guenther, P.M.; Krebs-Smith, S.M.; Subar, A.F.; Dodd, K.W. A

mixed-effects model approach for estimating the distribution of usual intake of nutrients: The NCI method. Stat. Med. 2010, 29,
2857–2868. [CrossRef]

22. Yang, Y.X. Chinese Food Composition Table; Peking University Medical Press: Beijing, China, 2009.
23. Freese, J.; Pricop-Jeckstadt, M.; Heuer, T.; Clemens, M.; Boeing, H.; Knuppel, S.; Nothlings, U. Determinants of consumption-day

amounts applicable for the estimation of usual dietary intake with a short 24-h food list. J. Nutr. Sci. 2016, 5, e35. [CrossRef]
24. Tooze, J.A.; Midthune, D.; Dodd, K.W.; Freedman, L.S.; Krebs-Smith, S.M.; Subar, A.F.; Guenther, P.M.; Carroll, R.J.; Kipnis, V. A

new statistical method for estimating the usual intake of episodically consumed foods with application to their distribution. J.
Am. Diet. Assoc. 2006, 106, 1575–1587. [CrossRef]

25. Walker, E.; Nowacki, A.S. Understanding equivalence and noninferiority testing. J. Gen. Intern. Med. 2011, 26, 192–196. [CrossRef]
26. Wable Grandner, G.; Dickin, K.; Kanbur, R.; Menon, P.; Rasmussen, K.M.; Hoddinott, J. Assessing statistical similarity in dietary

intakes of women of reproductive age in Bangladesh. Matern. Child Nutr. 2021, 17, e13086. [CrossRef] [PubMed]
27. Yu, D.; Zhao, L.; Zhang, J.; Yang, Z.; Yang, L.; Huang, J.; Fang, H.; Guo, Q.; Xu, X.; Ju, L.; et al. China Nutrition and Health

Surveys (1982–2017). China CDC Wkly 2021, 3, 193–195. [CrossRef] [PubMed]
28. Capita, R.; Alonso-Calleja, C. Differences in reported winter and summer dietary intakes in young adults in Spain. Int. J. Food Sci.

Nutr. 2005, 56, 431–443. [CrossRef] [PubMed]
29. Tanaka, N.; Okuda, T.; Shinohara, H.; Yamasaki, R.S.; Hirano, N.; Kang, J.; Ogawa, M.; Nishi, N.N. Relationship between Seasonal

Changes in Food Intake and Energy Metabolism, Physical Activity, and Body Composition in Young Japanese Women. Nutrients
2022, 14, 506. [CrossRef]

30. Westerterp, K.R.; Plasqui, G.; Goris, A.H. Water loss as a function of energy intake, physical activity and season. Br. J. Nutr. 2005,
93, 199–203. [CrossRef]

31. Tokudome, Y.; Imaeda, N.; Nagaya, T.; Ikeda, M.; Fujiwara, N.; Sato, J.; Kuriki, K.; Kikuchi, S.; Maki, S.; Tokudome, S. Daily,
weekly, seasonal, within- and between-individual variation in nutrient intake according to four season consecutive 7 day weighed
diet records in Japanese female dietitians. J. Epidemiol. 2002, 12, 85–92. [CrossRef]

32. Stote, K.S.; Radecki, S.V.; Moshfegh, A.J.; Ingwersen, L.A.; Baer, D.J. The number of 24 h dietary recalls using the US Department
of Agriculture’s automated multiple-pass method required to estimate nutrient intake in overweight and obese adults. Public
Health Nutr. 2011, 14, 1736–1742. [CrossRef]

33. Carriquiry, A.L. Estimation of usual intake distributions of nutrients and foods. J. Nutr. 2003, 133, 601S–608S. [CrossRef]
34. Ma, Y.; Olendzki, B.C.; Pagoto, S.L.; Hurley, T.G.; Magner, R.P.; Ockene, I.S.; Schneider, K.L.; Merriam, P.A.; Hebert, J.R. Number

of 24-hour diet recalls needed to estimate energy intake. Ann. Epidemiol. 2009, 19, 553–559. [CrossRef]
35. Huang, K.; Yu, D.; Guo, Q.; Yang, Y.; Wei, X.; Zhao, L.; Fang, H. Validation of the MSM and NCI Method for Estimating the Usual

Intake of Nutrients and Food According to Four Seasons of Seven Consecutive Daily 24 Hour Dietary Recalls in Chinese Adults.
Nutrients 2022, 14, 445. [CrossRef]

36. Laureano, G.H.; Torman, V.B.; Crispim, S.P.; Dekkers, A.L.; Camey, S.A. Comparison of the ISU, NCI, MSM, and SPADE Methods
for Estimating Usual Intake: A Simulation Study of Nutrients Consumed Daily. Nutrients 2016, 8, 166. [CrossRef] [PubMed]

http://doi.org/10.1016/S0002-8223(21)01430-9
http://doi.org/10.1016/0021-9681(83)90058-9
http://doi.org/10.1093/aje/126.2.326
http://doi.org/10.1016/j.jand.2016.05.011
http://doi.org/10.1002/sim.4063
http://doi.org/10.1017/jns.2016.26
http://doi.org/10.1016/j.jada.2006.07.003
http://doi.org/10.1007/s11606-010-1513-8
http://doi.org/10.1111/mcn.13086
http://www.ncbi.nlm.nih.gov/pubmed/32990382
http://doi.org/10.46234/ccdcw2021.058
http://www.ncbi.nlm.nih.gov/pubmed/34595042
http://doi.org/10.1080/09637480500407875
http://www.ncbi.nlm.nih.gov/pubmed/16361183
http://doi.org/10.3390/nu14030506
http://doi.org/10.1079/BJN20041310
http://doi.org/10.2188/jea.12.85
http://doi.org/10.1017/S1368980011000358
http://doi.org/10.1093/jn/133.2.601S
http://doi.org/10.1016/j.annepidem.2009.04.010
http://doi.org/10.3390/nu14030445
http://doi.org/10.3390/nu8030166
http://www.ncbi.nlm.nih.gov/pubmed/26999193

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Data Collection and Measurements 
	Dietary Intake Assessment 
	Data Sets 
	Statistical Analysis 

	Results 
	Subjects’ Characteristics 
	Comparison of Four Scenarios Based on WPM Method 
	Equivalence Testing between Scenario C3 and NC2 
	Comparison of Four Scenarios between WPM and NCI Method 

	Discussion 
	Conclusions 
	References

