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Abstract

Sources of variation in nutrient intake have been examined for Western diets, but little is known about the sources of variation and their

differences by age and sex among Koreans. We examined sources of variation in nutrient intake and calculated the number of days needed

to estimate usual intake using 12 d of dietary records (DR). To this end, four 3 d DR including two weekdays and one weekend day were

collected throughout four seasons of 1 year from 178 male and 236 female adults aged 20–65 years residing in Seoul, Korea. The sources

of variation were estimated using the random-effects model, and the variation ratio (within-individual:between-individual) was calculated

to determine a desirable number of days. Variations attributable to the day of the week, recording sequence and seasonality were generally

small, although the degree of variation differed by sex and age (20–45 years and 46–65 years). The correlation coefficient between the

true intake and the observed intake (r) increased with additional DR days, reaching 0·7 at 3–4 d and 0·8 at 6–7 d. However, the degree

of increase became attenuated with additional days: r increased by 13·0–26·9 % from 2 to 4 d, by 6·5–16·4 % from 4 to 7 d and by

4·0–11·6 % from 7 to 12 d for energy and fifteen nutrients. In conclusion, the present study suggests that the day of the week, recording

sequence and seasonality minimally contribute to the variation in nutrient intake. To measure Korean usual dietary intake using open-

ended dietary instruments, 3–4 d may be needed to achieve modest precision (r . 0·7) and 6–7 d for high precision (r . 0·8).

Key words: Within-individual variation: Between-individual variation: Sources of variation: Nutrient intake: Korea

The nutrient intake of free-living persons varies in both amount

and type from day to day, from season to season and from year

to year(1). A chronic effect of nutrients is often desirable to

explore the aetiology of diseases in nutritional epidemiology,

especially chronic diseases(2,3). Therefore, assessment of an

individual’s long-term intake is important to examine the

relationship between habitual diet and disease or to explore

extended nutritional status for an individual or group(4).

The 24 h recall (24HR), dietary record (DR) and FFQ are

useful tools to assess an individual’s or group’s diet. Because

nutrient intake assessed by the 24HR and DR fluctuates from

day to day among individuals, the 24HR and DR are often

limited to estimate the usual dietary intake of individuals or

groups(5). This within-individual variation leads to statistical

imprecision and inaccuracy of estimates(6–8). However, 24HR

and DR methods are designed to have relatively high precision

and validity partly because of open-ended responses, inclu-

ding detailed information on types of foods, ingredients,

cooking methods and brand names(9). Because the Korean

diet is uniquely characterised by mixed or shared dishes,

a combination of various small dishes and frequent dining

out, an in-depth assessment of Korean dishes is often

required. Therefore, the 24HR and DR are frequently utilised

as practical dietary instruments.

To determine long-term intakes with high precision using

the 24HR or DR, averaging multiple daily collections from

24HR or DR has been attempted to reduce within-individual

variations and to cost-effectively estimate the minimum
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number of days. The number of days needed to assess nutrient

intake is usually estimated from the ratio of within-individual

variation to between-individual variation(10). The smaller the

ratio, the fewer days are needed to achieve acceptable pre-

cision, represented by the correlation coefficients between

unobservable true intake and observed intake(11).

Sources of within-individual variation include the day

of the week, seasonality, the sequence of observation and

the method of data collection(12). A number of studies

have investigated the requisite number of days to achieve

desired accuracy when estimating usual intake(6,11,13–17) and

sources of within-person variation(5,14,18–20). However, only

limited Korean data exist on the sources of within-person

variation(21,22) and the required number of days of open-

ended dietary instruments, although the 24HR and DR are

commonly used in Korea.

In the present study, we aimed to examine the major sources

of variations in energy and fifteen nutrients among 414 Korean

men and women and estimated the minimum replicates

of DR using the within- and between-individual variations

obtained from four sets of seasonal 3 d DR. Because previous

studies, including studies of Chinese(18,23) and Western popu-

lations(17,24), have shown differences in the magnitudes of

the within-individual variations by sex and age, we examined

these variations and the required number of days for men and

women or for 20–45-year-old group and 46–65-year-old group.

Methods

Study participants

Healthy Korean adults over 20 years of age from Seoul (the

capital of the Republic of Korea) and Gyeonggi province

(adjacent province to Seoul) were recruited through advertis-

ing flyers and website advertisements in 2009 and 2010,

respectively, as part of two validation studies of FFQ devel-

oped by the Korean National Cancer Center(25) or the Korea

Centers for Disease Control and Prevention. The same proto-

cols developed by our group were implemented to administer

12 d DR for these two validation studies. A total of 341 and 140

eligible participants were initially recruited and 288 and 126

participants completed 12 d DR in 2009 and 2010, respectively.

Energy and fifteen nutrients (protein, fat, carbohydrate, Ca, P,

Fe, Na, K, vitamin A, thiamin, riboflavin, niacin, vitamin C, reti-

nol and carotene) from the 12 d DR of 414 Korean adults were

analysed. The present study was conducted according to the

guidelines laid down in the Declaration of Helsinki, and all

procedures involving human subjects/patients were approved

by the institutional review board of the Seoul National Univer-

sity. Written informed consent was obtained from all subjects.

Dietary records

The DR were collected for four 3 d periods throughout the year

following the administration of the first DR to account for

seasonal variation in consumption. The participants were

asked to record every food item they had consumed on

three non-consecutive days, including two weekdays and

one weekend day. Detailed guidelines, including visual

two-dimensional household measures, were distributed to the

participants to complete the DR. To improve the quality of the

DR, the records were reviewed by a nutritionist, and missing

values or vague answers were followed up by telephone

interview. The nutrient database from the Korean Rural Devel-

opment Administration consisting of 3019 food items(26) and a

standard recipe database consisting of 3048 dishes(27) were

used to calculate each individual’s nutrient intake. The intakes

of energy and the fifteen nutrients for the participants were ana-

lysed using the nutrient analysis software WebDS24 (Human

Nutrition Lab, Seoul National University, Seoul, Republic of

Korea, 2005), developed at Seoul National University.

Statistical analysis

We calculated means, standard deviations, seven percentiles

(5th, 10th, 25th, 50th, 75th, 90th and 95th), skewness and kur-

tosis of each nutrient intake. Variation sources were estimated

using the Proc Mixed procedure in the SAS statistical software

package version 9.2 (SAS Institute, 2008). The sources of vari-

ation examined in the present study were between-individual

(variation between the intake of individuals), weekday or

weekend (day of the week), recording sequence, season of

the year (seasonality) and within-individual (variation in the

day-to-day intake of one individual). The log (natural)-

transformed data to increase normality were analysed using

a random-effects model(28). The formula log(x þ 0·01) was

used for zero intakes in the data. To evaluate the effects of

seasonality, we divided the data into four seasons. The

season of the year was defined as spring (from March to

May), summer (from June to August), autumn (from Septem-

ber to November) or winter (from December to February).

This analysis was conducted separately for men and women

and for two age groups (20–45 years and 46–65 years).

The following formula by Black et al.(10) was used to calcu-

late the number of days needed to estimate each participant’s

usual intake:

D ¼
r 2

1 2 r 2
£

S2
w

S2
b

; ð1Þ

where D is the number of DR required, r is the hypothetical

correlation between the observed and true average nutrient

intakes of a participant and S2
w and S2

b are the within- and

between-individual variations, respectively. To determine

the level of accuracy obtained in the present study with 3 d of

seasonal DR, the following formula, derived from formula (1),

was used:

r ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
D

D þ
S2

w

S2
b

� � ;

vuut ð2Þ

where D is the number of DR recorded, the correlation

coefficient is r and S2
w and S2

b are as defined previously. The

correlation coefficient r is a measure of confidence when

classifying the participants into tertiles, quartiles, quintiles,

etc(17). At an r value of 0·8, 72 % of the individuals are correctly
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classified into their tertile, and 3·3 % are grossly misclassified.

If the r value is equal to 0·9, then 1 % of the participants are

misclassified into the extreme tertile, and 80 % of the parti-

cipants are classified into the correct tertile(10,17). To examine

the degree of precision across the number of days of DR,

we calculated the r value using formula (2) by plugging

values from 2 to 12 into D.

Also, we estimated the usual intake of energy and the fifteen

nutrients using the multiple source method with randomly

selected 2d DR. A Web-based program (version 1.0.1, 2012;

available from http://msm.dife.de/, German Institute of Human

Nutrition) was used to estimate the usual intake distribution.

Results

The mean age of the participants was 43·2 (SD 11·7) and 44·8

(SD 9·7) years for men and women, respectively. The differ-

ence was not statistically significant (P¼0·13). The Mean

values of age were 35·0 (SD 5·9) years for the 20–45-year-old

group and 53·1 (SD 5·3) years for the 46–65-year-old group.

Tables 1 and 2 show the distribution of energy and fifteen

nutrient intakes obtained from the 12 d DR according to sex

and age group, respectively. The mean intakes of vitamin C,

retinol and carotene did not differ significantly between

men and women, but the intakes of all the other nutrients,

including energy, were significantly higher among men than

among women (Table 1). The mean intakes of Ca, Fe, K,

vitamin A, vitamin C and carotene were lower among the

20–45-year-old group than among the 46–65-year-old

group; only fat intake was significantly higher among the

20–45-year-old group than among the 46–65-year-old group

(Table 2). The 46–65-year-old group had a wider variation

than the 20–45-year-old group for almost all the nutrients,

with the exception of fat intake.

Variance components for energy and nutrients by sex
and age group

Variations in the day of the week, recording sequence and

seasonality accounted for less than 3·4 % of the total variation

for both men and women (Table 3), demonstrating that these

variations are not the major source of variations in dietary

intake among Korean men and women. Although the vari-

ation was relatively small, the contribution of variation by

the day of the week was higher in energy, three macro-

nutrients and thiamin for men than for women. On average,

the contribution by the day of the week was 0·73 % for men

and 0·20 % for women. Variations in seasonality and recording

sequence contributed ,2 % of the total variation for most of

the nutrients for men and women, with the exception of the

seasonal variation of vitamin C intake among women (3·19 %).

The within- and between-individual variation ratios (VR)

ranged from 2·15 (K) to 5·31 (retinol) for men and from 1·88

(K) to 5·08 (retinol) for women. For macronutrients, the high-

est VR was observed for fat intake and the lowest VR was

observed for carbohydrate intake for men and women.

Table 4 shows the variation sources and VR for energy

and the fifteen nutrients by age group. We found ,2 %

contribution of variation by seasonality, recording sequence

and the day of the week for most of the nutrients across

both age groups. The contributions of sequence variation

in the 46–65-year-old group were zero for energy, protein,

carbohydrate, Ca, P, thiamin and riboflavin. A higher con-

tribution of sequence variation was observed among the

20–45-year-old group than among the 46–65-year-old group

for all but three nutrients (vitamin C, retinol and carotene).

In the 20–45-year-old group, the VR ranged from 2·20 (K) to

5·45 (retinol). The VR for the 46–65-year-old group ranged

from 1·54 (P) to 5·04 (retinol). All nutrients and energy

showed higher VR in the 20–45-year-old group than in the

46–65-year-old group. Because the 46–65-year-old group com-

prised a larger proportion of women than the 20–45-year-old

group, we also examined the sources of variation, the VR and

the number of days by age group for men and women (see

Tables S1 and S2, available online). We found that the VR of

the 20–45-year-old men and women were greater than those

of the 46–65-year-old men and women. This finding was similar

to the results of the analysis that combined men and women.

Number of days of dietary records required to estimate
usual intake by sex and age group

Overall, 2–6 d of DR were required to achieve r . 0·7 for

both men and women, and 6–7 d of DR were adequate to

achieve r . 0·8 for most of the nutrients, with a few excep-

tions, such as fat, thiamin and niacin for men and retinol

and carotene for both men and women (Table 3). To achieve

high precision (r . 0·8), the same number of days was

required for intakes of Fe, K, vitamin A, vitamin C, retinol

and carotene for men and women, whereas fewer days

were required for men than for women for Na intake. For

energy and the rest of the nutrients (eight nutrients), an

additional 1–3 d were needed to assess the usual intake for

men compared with that for women. To obtain modest pre-

cision (r . 0·7), four or less days of DR were required to

estimate the usual intakes of energy and thirteen nutrients

(except retinol and carotene) for women and the usual intakes

of energy and twelve nutrients (except fat, niacin and retinol)

for men. However, five or more days of DR were necessary

to achieve modest precision (r . 0·7) for fat, niacin and retinol

for men and retinol and carotene for women.

Of the two age groups, the required number of days ranged

from 3 to 12 d to achieve high precision (r . 0·8). Meanwhile,

6–7 d of DR were sufficient for most of the nutrients to reach

high precision (r . 0·8) for both age groups, but more than

7 d were required for fat, vitamin A, niacin and carotene for

the 20–45-year-old group and for retinol for both age groups

(Table 4). In general, an additional 1–3 d were required to

obtain higher precision (r . 0·8) for the 20–45-year-old

group than for the 46–65-year-old group. To achieve moderate

precision (r . 0·7), 2–7 d of DR were required to estimate

the usual nutrient intake for both age groups: three or fewer

days of DR for energy and twelve nutrients (except fat, retinol

and carotene) in the 46–65-year-old group and four or fewer

days of DR for energy and eleven nutrients (except fat,

vitamin A, retinol and carotene) in the 20–45-year-old group.
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Table 1. Distribution of nutrient intakes by sex assessed by seasonal 3 d dietary records among adults aged 20–65 years in the Seoul metropolitan area of Korea

(Mean values, standard deviations and percentiles)

Mean SD 5th percentile 10th percentile 25th percentile 50th percentile 75th percentile 90th percentile 95th percentile Skewness Kurtosis

Men (n 178)
Energy (kJ) 8786·4* 1618·1 6381·9 6881·7 7568·7 8699·5 9913·0 10964·8 11621·6 0·34 20·36
Protein (g) 82·7* 18·3 55·6 60·1 67·8 81·5 93·9 109·6 117·0 0·49 20·21
Fat (g) 55·5* 15·4 30·8 37·3 44·1 54·2 66·1 77·4 83·6 0·28 20·29
Carbohydrate (g) 296·1* 55·9 219·2 231·4 254·0 290·9 326·5 375·6 407·0 0·52 20·28
Ca (mg) 562·8* 164·3 336·1 372·8 451·7 532·2 659·7 778·5 848·8 1·05 2·22
P (mg) 1224·8* 282·3 842·5 896·5 1023·1 1164·0 1372·0 1643·8 1778·3 0·69 20·04
Fe (mg) 15·2* 5·5 9·0 9·5 11·1 13·9 18·3 22·2 25·8 1·48 3·67
K (mg) 3107·6* 836·6 2060·4 2162·0 2495·5 2914·8 3518·0 4460·7 4582·1 0·79 0·16
Na (mg) 5416·6* 1799·8 3357·6 3561·7 4199·6 4942·2 5986·1 7956·1 9354·5 1·26 1·71
Vitamin A (mg RE) 864·8* 442·6 419·4 488·0 575·6 740·0 968·0 1513·2 1806·4 2·13 6·42
Thiamin (mg) 1·4* 0·4 0·8 0·9 1·1 1·4 1·7 1·9 2·2 0·82 1·01
Riboflavin (mg) 1·4* 0·4 0·9 1·0 1·1 1·4 1·7 2·0 2·2 0·69 0·42
Niacin (mg) 19·2* 4·6 13·0 14·0 16·2 18·3 21·6 25·7 28·7 0·74 0·38
Vitamin C (mg) 102·8 41·1 49·7 58·1 71·0 94·9 125·1 153·7 176·2 0·93 1·01
Retinol (mg) 105·1 83·7 29·3 39·9 57·2 86·3 119·0 173·3 259·7 3·05 12·75
Carotene (mg) 4319·0 2564·1 1880·8 2258·8 2734·9 3482·4 4894·6 8306·3 9491·9 2·23 6·56

Women (n 236)
Energy (kJ) 7309·8 1498·8 5064·3 5664·5 6332·3 7135·6 8150·1 9391·6 9905·5 0·46 0·74
Protein (g) 66·0 16·2 43·6 48·1 54·8 63·3 76·5 86·6 95·8 0·55 1·02
Fat (g) 45·0 13·7 25·1 28·4 35·5 43·5 53·8 61·2 69·7 0·45 0·37
Carbohydrate (g) 267·2 59·3 183·9 195·7 227·4 260·1 301·7 346·5 380·3 0·44 0·31
Ca (mg) 517·2 158·2 293·5 328·9 417·7 494·1 615·9 719·1 828·0 0·56 0·53
P (mg) 1024·0 257·1 675·8 731·9 849·1 985·5 1186·9 1364·2 1466·0 0·49 0·44
Fe (mg) 13·1 5·0 7·3 8·4 10·2 12·1 15·1 19·4 22·2 2·40 13·56
K (mg) 2765·0 744·3 1711·2 1915·9 2256·0 2696·7 3236·5 3662·0 4074·7 0·54 0·68
Na (mg) 4114·4 1299·0 2428·5 2715·7 3235·7 3912·9 4788·6 5829·0 6661·1 1·14 2·87
Vitamin A (mg RE) 778·3 345·4 358·0 420·5 548·7 706·5 917·6 1237·0 1435·8 1·37 2·54
Thiamin (mg) 1·1 0·3 0·7 0·8 0·9 1·1 1·3 1·5 1·7 1·10 2·34
Riboflavin (mg) 1·2 0·4 0·7 0·8 1·0 1·2 1·4 1·7 2·0 0·92 1·44
Niacin (mg) 15·7 4·1 9·5 11·0 13·1 15·2 18·0 20·9 22·9 0·79 1·69
Vitamin C (mg) 105·2 40·3 50·4 60·4 75·2 100·5 124·4 165·1 182·0 0·78 0·67
Retinol (mg) 92·4 68·8 26·0 32·0 48·8 75·4 111·5 163·6 203·2 2·38 7·52
Carotene (mg) 3881·2 2048·1 1774·8 1953·2 2567·0 3368·6 4363·5 7026·1 8132·8 1·67 3·15

RE, retinol equivalents.
* Mean values were significantly different from women (P,0·05).
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Table 2. Distribution of nutrient intakes by age group assessed by seasonal 3 d dietary records among adults aged 20–65 years in the Seoul metropolitan area of Korea

(Mean values, standard deviations and percentiles)

Mean SD 5th percentile 10th percentile 25th percentile 50th percentile 75th percentile 90th percentile 95th percentile Skewness Kurtosis

20–45-year-old group (n 205)
Energy (kJ) 8057·2 1609·1 5799·3 6183·8 6933·7 7920·1 9152·6 10311·3 10964·8 0·39 0·02
Protein (g) 74·4 18·4 50·1 53·6 61·3 72·4 85·0 97·6 110·7 0·57 0·51
Fat (g) 54·9* 14·5 34·5 36·6 44·3 53·7 63·8 75·5 80·9 0·30 0·12
Carbohydrate (g) 273·9 55·5 192·5 212·9 234·8 270·6 303·4 351·2 375·0 0·46 0·43
Ca (mg) 516·7* 144·3 315·7 347·9 424·1 494·8 600·0 716·4 778·5 0·55 0·70
P (mg) 1084·8 257·7 755·1 803·8 900·5 1046·2 1248·9 1372·0 1587·2 0·78 1·10
Fe (mg) 12·9* 4·3 8·1 8·6 10·2 12·0 14·7 18·6 21·5 1·34 2·42
K (mg) 2774·0* 719·5 1848·7 1974·4 2293·8 2676·2 3184·6 3525·5 4074·7 0·89 2·04
Na (mg) 4596·0 1350·0 2765·5 3048·9 3704·0 4396·1 5238·4 6293·0 7298·8 0·90 1·44
Vitamin A (mg RE) 760·3* 330·2 380·5 440·8 538·4 686·1 868·7 1148·8 1373·8 1·72 4·55
Thiamin (mg) 1·3 0·4 0·8 0·8 1·0 1·2 1·5 1·8 2·1 1·05 1·61
Riboflavin (mg) 1·3 0·4 0·8 0·9 1·1 1·2 1·5 1·8 2·0 0·67 0·50
Niacin (mg) 17·4 4·2 11·7 12·8 14·7 16·9 19·9 23·0 24·4 0·47 0·68
Vitamin C (mg) 93·6* 37·8 45·3 53·7 65·7 87·2 113·2 139·5 159·2 1·27 2·78
Retinol (mg) 104·6 72·7 32·0 42·9 62·3 89·5 126·1 159·3 228·9 3·31 17·65
Carotene (mg) 3586·6* 1817·5 1803·3 1974·5 2449·9 3130·5 4008·5 5938·2 7125·2 2·20 7·15

46–65-year-old group (n 209)
Energy (kJ) 7834·3 1807·1 5154·6 5695·0 6550·5 7526·5 8967·1 10248·4 11097·9 0·44 0·09
Protein (g) 72·0 19·6 44·5 49·3 57·7 69·6 83·6 98·0 109·5 0·54 0·16
Fat (g) 44·2 14·3 23·0 27·1 33·8 41·9 52·4 64·3 69·6 0·70 0·57
Carbohydrate (g) 285·3 62·8 193·5 206·0 241·3 279·4 323·8 380·3 405·1 0·30 20·20
Ca (mg) 556·5 176·2 304·7 348·0 434·3 537·7 659·5 818·6 875·9 0·80 1·35
P (mg) 1135·4 309·5 691·1 763·5 907·5 1094·0 1337·7 1595·1 1680·8 0·40 20·10
Fe (mg) 15·1 6·0 8·1 9·2 10·9 13·7 18·3 22·2 25·1 1·89 7·50
K (mg) 3047·9 856·6 1803·5 2036·3 2430·0 2925·0 3543·1 4339·6 4537·6 0·49 20·17
Na (mg) 4751·1 1921·1 2508·3 2877·3 3501·0 4311·1 5567·0 7376·3 8944·1 1·35 2·11
Vitamin A (mg RE) 869·6 438·5 376·9 455·9 599·7 753·2 999·5 1485·6 1807·9 1·86 5·31
Thiamin (mg) 1·3 0·4 0·7 0·8 1·0 1·2 1·5 1·8 2·0 0·89 1·29
Riboflavin (mg) 1·3 0·4 0·7 0·8 0·8 1·0 1·6 1·9 2·1 0·78 0·72
Niacin (mg) 17·0 5·1 10·2 11·4 13·6 16·6 19·3 24·2 27·8 0·90 0·85
Vitamin C (mg) 114·5 40·7 53·7 64·1 86·3 111·5 139·3 170·8 188·3 0·56 0·03
Retinol (mg) 91·3 78·1 26·5 30·0 46·1 72·0 102·6 168·7 295·4 2·52 7·13
Carotene (mg) 4543·0 2594·7 1856·7 2222·8 2885·5 3645·8 5616·0 8473·7 9970·2 1·82 4·45

RE, retinol equivalents.
* Mean values were significantly different from the 46–65-year-old group (P,0·05).
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We estimated the usual intake of energy and the fifteen

nutrients using the multiple source method with randomly

selected 2 d DR, which was the minimum number of days

to control within-individual variation. The multiple source

method-adjusted 2 d DR showed a more similar distribution

to the 12 d DR than to the unadjusted 2 d DR. However, the

group mean values and correlations with the 12 d DR were

not apparently changed after the multiple source method

was applied (data not shown).

We examined the degree of increase in correlation coeffi-

cients (r) with increasing DR. Fig. 1(a)–(d) shows an accretion

of r for energy, carbohydrate, retinol and mean of energy and

the fifteen nutrients, respectively, from 2 to 12 d of DR by

sex and age group. Carbohydrate and retinol were selected

because their VR were the lowest and the highest, respectively

(see Tables S3 and S4, available online). Although the

precision (r) increased with an increasing number of days

of DR, the degree of increase was attenuated with additional

days: r increased by 13·0–26·9 % from 2 to 4 d, 6·5–16·4 %

from 4 to 7 d and 4·0–11·6 % from 7 to 12 d for energy and

the fifteen nutrients. The precision of K, P and carbohydrate

increased relatively less gradually, ranging from 25·2 % (P for

the old age group) to 39·1 % (carbohydrate for the male

group) for 2–12 d of DR compared with the other nutrients.

In contrast, the precision of retinol, carotene and fat increased

by 43·4 % (carotene for the 46–65-year-old group) to 60·1 %

(retinol for the 20–45-year-old group) for 2–12 d of DR.

Discussion

In the present study of nutrient variations in Korea, we

found that the day of the week, recording sequence and sea-

sonality explained the variation in nutrient intakes to a small

degree for all sex and age groups of 414 Korean adults who

Table 3. Variation sources (%) and the number of days required to estimate usual intake for the selected nutrients by sex among adults
aged 20–65 years in the Seoul metropolitan area of Korea

Variation sources D *

S2
b† Day of the week‡ Recording sequence§ Seasonalityk S2

w{ VR** r . 0·7 r . 0·8

Men
Energy 23·11 3·34 1·01 0·37 72·17 3·12 3 6
Protein 19·74 1·22 0·87 1·20 76·97 3·90 4 7
Fat 18·28 1·29 0·95 1·64 77·84 4·26 5 8
Carbohydrate 26·07 1·57 0·48 0·00 71·88 2·76 3 5
Ca 22·68 0·00 0·48 0·29 76·56 3·38 4 7
P 26·79 0·21 0·82 1·28 70·90 2·65 3 5
Fe 25·99 0·00 0·73 0·98 72·29 2·78 3 5
K 31·08 0·00 1·09 1·11 66·72 2·15 3 4
Na 27·62 0·14 0·06 0·25 71·93 2·60 3 5
Vitamin A 20·48 0·00 1·19 1·09 77·24 3·77 4 7
Thiamin 18·97 3·00 0·41 1·01 76·62 4·04 4 8
Riboflavin 19·95 0·61 0·49 0·55 78·40 3·93 4 7
Niacin 17·39 0·00 1·08 0·23 81·30 4·68 5 9
Vitamin C 27·28 0·10 0·36 0·00 72·26 2·65 3 5
Retinol 15·81 0·00 0·00 0·23 83·96 5·31 6 10
Carotene 19·79 0·20 0·73 0·68 78·60 3·97 4 8

Women
Energy 28·50 0·36 0·46 0·29 70·40 2·47 3 5
Protein 25·05 0·32 0·03 0·65 73·96 2·95 3 6
Fat 22·27 0·57 0·14 1·49 75·53 3·39 4 7
Carbohydrate 32·06 0·00 0·92 0·00 67·02 2·09 3 4
Ca 29·05 0·29 0·08 0·57 70·01 2·41 3 5
P 32·14 0·00 0·20 0·76 66·90 2·08 2 4
Fe 26·90 0·00 1·49 0·15 71·46 2·66 3 5
K 34·31 0·00 1·29 0·03 64·36 1·88 2 4
Na 25·73 0·09 0·00 0·12 74·05 2·88 3 6
Vitamin A 20·26 0·00 0·83 1·71 77·20 3·81 4 7
Thiamin 21·67 1·49 0·00 0·31 76·54 3·53 4 7
Riboflavin 23·10 0·00 0·00 0·38 76·52 3·31 4 6
Niacin 22·66 0·05 1·27 0·72 75·31 3·32 4 6
Vitamin C 25·82 0·00 0·47 3·19 70·52 2·73 3 5
Retinol 16·39 0·00 0·00 0·38 83·23 5·08 5 10
Carotene 18·81 0·00 1·50 1·31 78·38 4·17 5 8

VR, variance ratio.
* Estimation of nutrient intake is determined from the correlation between the observed and true average intakes of individuals in which the unobservable

correlation coefficient is given by r ¼ D=ðD þ S2
w=S

2
bÞ

� �1=2
, where D is the number of dietary records.

† Percentage of variance attributable to subjects (i.e. between-individual).
‡ Percentage of variance attributable to the specific day of the week.
§ Percentage of variance attributable to the order of recording.
kPercentage of variance attributable to the specific season of the year.
{Percentage of variance attributable to within-individual sources.
** Ratio of within-individual:between-individual variance (S2

w=S
2
b).
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completed four 3 d DR over 1 year. When we compared

the contributions between men and women and between

20–45-year-old and 46–65-year-old groups, the contributions

of sequence variation for most of the nutrients to the total

variation were higher among the 20–45-year-old group than

among the 46–65-year-old group, and the contributions of

the day of the week for energy, three macronutrients and

thiamin were slightly higher among men than among

women. Men and the 20–45-year-old group had a lower

between-individual variation and a higher within-individual

variation in energy and nutrient intakes than did women

and the 46–65-year-old group, respectively. In general,

3–4 d of DR for modest precision (r . 0·7) and 6–7 d of

DR for high precision (r . 0·8) were required to reflect the

individuals’ usual nutrient intakes.

A previous Korean study has examined sources of variation

in nutrient intake approximately 10 years apart(21). Similar to

the present study design, that study collected four sets of

seasonal 3 d DR for Korean adults, but the sample size was

relatively small (n 129) and the study participants were older

(40–65 years) than the present study participants. In that

study, the contributions of the day of the week and seasonality

were minimal (,6 %), in agreement with the present study,

but the effect of the day of the week on nutrient variation

was smaller among men (0·00–0·54) than among women

(0·00–1·35). The slightly lower contribution of seasonality to

variation in the present study compared with the previous

Korean study(21) may be explained by the decreased effects

of seasonality on food supply and increased fruit consumption

relative to the past. Sources of variation in nutrient intakes

have been assessed in other ethnic groups. Day, seasonality

and sequence had little contributions to the variation in nutri-

ent intakes in a Chinese study in which 24 d of 24HR were col-

lected from 200 healthy women between 40 and 70 years old

Table 4. Variation sources (%) and the number of days required to estimate usual intake for the selected nutrients by age group among adults aged
20–65 years in the Seoul metropolitan area of Korea

Variation sources D *

S2
b† Day of the week‡ Recording sequence§ Seasonalityk S2

w{ VR** r . 0·7 r . 0·8

20–45-year-old group
Energy 26·20 0·93 1·50 0·24 71·14 2·72 3 5
Protein 23·52 0·47 1·11 0·58 74·32 3·16 4 6
Fat 18·14 0·67 0·79 1·02 79·38 4·38 5 8
Carbohydrate 28·45 0·14 1·24 0·00 70·17 2·47 3 5
Ca 25·03 0·22 1·19 0·08 73·48 2·94 3 6
P 27·65 0·00 1·75 0·72 69·89 2·53 3 5
Fe 20·75 0·04 1·22 0·42 77·57 3·74 4 7
K 30·44 0·21 2·22 0·02 67·12 2·20 3 4
Na 24·90 0·26 0·89 0·39 73·57 2·96 3 6
Vitamin A 16·69 0·07 0·99 0·79 81·46 4·88 5 9
Thiamin 21·18 2·02 0·20 0·11 76·48 3·61 4 7
Riboflavin 21·27 0·09 0·33 0·10 78·21 3·68 4 7
Niacin 19·13 0·00 1·75 0·18 78·95 4·13 4 8
Vitamin C 24·21 0·00 0·36 0·72 74·70 3·09 3 6
Retinol 15·45 0·11 0·00 0·23 84·20 5·45 6 10
Carotene 13·52 0·54 0·86 0·45 84·63 6·26 7 12

46–65-year-old group
Energy 35·80 1·31 0·00 0·23 62·66 1·75 2 4
Protein 32·44 0·69 0·00 0·91 65·96 2·03 2 4
Fat 21·46 0·99 0·46 2·74 74·35 3·46 4 7
Carbohydrate 34·18 0·43 0·00 0·20 65·19 1·91 2 4
Ca 28·63 0·00 0·00 1·00 70·37 2·46 3 5
P 38·97 0·12 0·00 0·86 60·05 1·54 2 3
Fe 32·48 0·25 0·66 0·70 65·90 2·03 2 4
K 36·58 0·11 0·12 0·72 62·48 1·71 2 4
Na 36·83 0·10 0·29 0·34 62·44 1·70 2 4
Vitamin A 23·67 0·00 0·85 2·90 72·58 3·07 3 6
Thiamin 27·05 1·82 0·00 1·16 69·98 2·59 3 5
Riboflavin 25·82 0·11 0·00 0·88 73·18 2·83 3 6
Niacin 28·59 0·12 0·05 0·58 70·67 2·47 3 5
Vitamin C 24·84 0·07 0·75 1·76 72·59 2·92 3 6
Retinol 16·44 0·16 0·09 0·39 82·92 5·04 5 9
Carotene 22·78 0·00 0·98 3·20 73·04 3·21 4 6

VR, variance ratio.
* Estimation of nutrient intake is determined from the correlation between the observed and true average intakes of individuals in which the unobservable correlation coefficient

is given by r ¼ D=ðD þ S2
w=S

2
bÞ

� �1=2
, where D is the number of dietary records.

† Percentage of variance attributable to subjects (i.e. between-individual).
‡ Percentage of variance attributable to the specific day of the week.
§ Percentage of variance attributable to the order of recording.
kPercentage of variance attributable to the specific season of the year.
{Percentage of variance attributable to within-individual sources.
** Ratio of within-individual:between-individual variance (S2

w/S2
b).
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who participated in the Shanghai Women Health Study(23).

Other studies of US adults, Chinese men, US and Russian chil-

dren and Indian adults have found that the within- and

between-individual variations were the major components of

variation, while other components (day of the week, seasonal-

ity, interviewer and region) had little effect on the total

variation(18,19,29,30).

We found that the variation in recording sequence con-

tributed only slightly, with a minimum contribution among

the 46–65-year-old group (maximum 0·98 % for carotene),

suggesting no or low training effects of consecutive 12 d DR.

This finding was similar to the findings of a study conducted

with seventy-three adults in a US metropolitan area in 2011

using multiple 24HR. That study reported that sequence and

interviewer variations represented less than 2 % of the total

variation in men and women(31).

Another two Korean studies have examined within- and

between-individual variations and their ratios among adults

aged 40–65 years(21) in 2004 and over 60 years(22) in 1999. Over-

all, the VR for the 46–65-year-old group in the present study

were lower than the VR of adults aged over 60 years(22), but

were similar to the VR of adults aged 40–65 years(21). In a

study of Korean older adults(22) that collected 5–6 d of 24HR

from forty-seven men and thirty-six women over 60 years old,

the VR ranged from 2·26 (vitamin A) to 12·52 (vitamin C) for

men and from 1·73 (P) to 5·86 (vitamin A) for women. These

VR were higher overall than those in the present study. This

may be partly due to differences in the population age and

dietary assessment tools. Another Korean study(21) of middle-

to old-aged adults who completed 12 d DR has shown that

the VR ranged from 2·2 (P) to 3·9 (niacin) for men and from

1·7 (riboflavin) to 2·9 (total fat) for women. The VR in that

study were comparable with our findings. Consistent with

previous studies, we found that the within-individual variation

was generally higher and the between-individual variation

was lower for men than for women for most of the nutrients.

However, the VR for some nutrients, including Na, vitamin C,

vitamin A and carotene, were higher among women than

among men in the present study, suggesting the possibility

that women consumed a wider variety of vitamin-containing

foods, especially fruits and vegetables, than men.

Studies that have examined VR in other ethnicities have

found that the VR were generally larger than 1 and that the

VR of micronutrients were larger than those of macronutrients.

For macronutrients, carbohydrates had the smallest VR and fat

had the largest VR among Chinese and Japanese men(18,32).
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Fig. 1. Relationship between the number of days of dietary records and correlation coefficients for (a) energy, (b) carbohydrate, (c) retinol and (d) mean of energy

and the fifteen nutrients by age group and sex in the Seoul metropolitan area of Korea (n 414: 178 men ( ), 236 women ( ); 205 adults aged 20–45 years

( ) and 209 adults aged 46–65 years ( )).
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For micronutrients, minerals had relatively smaller VR than

vitamins among Chinese men, which is consistent with the

present results. Similar to the present study, Cai et al.’s(23)

Shanghai Women Health Study has reported that the VR of

older age groups were generally smaller than the VR of

younger age groups, with the exception of three nutrients

(fat, Cu and Na). They concluded that the older age group’s

lower number of food entries in 24HR produced the smaller

VR than in younger age groups. In the present study, the

number of food entries did not differ between the age

groups (average of 12 d ¼ thirty-four food entries). We specu-

late that the larger VR in the 20–45-year-old group than in the

46–65-year-old group may be partly explained by frequent

dining out and heterogeneity in types of foods, which may

contribute to within-individual variations.

Although the correlation coefficients between the observed

intake of each number of DR and the true intake increased

with an increased number of days of DR, improvements in

precision gradually decreased with additional DR. In general,

to achieve high precision (r . 0·8), 6–7 d of DR are required.

However, practically, 3–4 d of DR can be considered when

investigators aim to achieve a modest degree of precision

(r . 0·7) for the Korean diet. A recent biomarker study(33)

using a double-labelled water method has shown that aver-

aging the first three 24HR produced the best estimates of

energy intake. The authors did not find additional improve-

ments with more than three 24HR. Another recent study has

assessed the precision, power and sample size of multiple

24HR, calibrated FFQ and a combination of the 24HR and

FFQ(34). Assuming that the 24HR provided an unbiased esti-

mate of usual intake, the authors have found that four to six

administrations of the 24HR were optimal for most of the

nutrients and food groups, which is similar to the findings of

the present study. The authors have also found that a combi-

nation of the 24HR and FFQ was better than the 24HR or FFQ

only, and that the relative sample size was decreased as the

number of 24HR was increased. While we have analysed

nutrient intakes from multiple DR only, further studies are

needed to assess the required number of DR for food or

food group intakes and to compare the precision between

one dietary assessment and combination.

The present study has several limitations. Several factors

that may explain between-individual or within-individual

variations were not examined, such as education level,

family size, smoking habits, body size and physical activity

for between-individual variations and interviewer effects for

within-individual variations. Furthermore, because the partici-

pants in the present study were residents of a metropolitan

area, these results may not be fully generalisable to the

entire Korean adult population. The strengths of the present

study include a large number of participants who completed

all 12 d DR seasonally for 1 year and a relatively compre-

hensive examination of the components of within-individual

variations compared with previous Korean studies. Further-

more, the present study was the first to examine sources of

variation and within- and between-individual variations in

Korean young adults (aged 20–45 years). Because DR are

important tools to assess the Korean diet and accommodate

in-depth information on meals, the present study provides

important evidence on the number of required DR to measure

the typical Korean diet as well as age- and sex-specific sources

of variation in nutrient intakes.

In summary, within-individual variation was the major

source of variation, and day of the week, recording sequence

and seasonality contributed slightly to variations in daily nutri-

ent intakes for Korean adults in the Seoul metropolitan area.

The degree of precision did not substantially increase over

7 d DR, suggesting that greater improvements in precision

can be achieved with 2–6 d than with 7–12 d. In general,

3–4 d of DR provide a modest degree of precision (r . 0·7),

and 6–7 d of DR may be sufficient to ensure a high precision

(r . 0·8) of the correlation coefficients with true intake.
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