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Abstract

Objective: To examine the utility of using external estimates of within-person variation
to adjust usual nutrient intake distributions.

Design: Analyses of the prevalence of inadequate intake of an example nutrient by the
Estimated Average Requirement (EAR) cut-point method using three different
methods of statistical adjustment of the usual intake distribution of a single 24-hour
recall in Russian children in 1996, using the Iowa State University method for
adjustment of the distribution. First, adjusting the usual intake distribution with day 2
recalls from the same 1996 sample (the correct method); second, adjusting the
distribution using external variance estimates derived from US children in 1996; and
third, adjusting the distribution using external estimates derived from Russian
children of the same age in 2000. We also present prevalence estimates based on
naive statistical analysis of the unadjusted distribution of intakes.

Setting/subjects: Children drawn from the Russia Longitudinal Monitoring Survey in
1996 and 2000 and from the 1996 Continuing Survey of Food Intakes by Individuals.
Results: When the EAR cut-point method is applied to a single recall, the resulting
prevalence estimate in this study is inflated by 100-1300%. When the intake
distribution is adjusted using an external variance estimate, the prevalence estimate is
much less biased, suggesting that any adjustment may give less biased estimates than
no adjustment.

Conclusions: In moderately large samples, adjusting distributions with external
estimates of variances results in more reliable prevalence estimates than using 1-day
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Nutrient intakes are associated with health and with
disease risk, and are used in public health to inform
national nutrition policies regarding food assistance
programmes, fortification needs and exposure to con-
taminants'?,

The parameter of interest is not an individual’s one-day
intake, but their usual intake, defined as ‘the long run
average of daily intakes of a dietary component by an
individual. In theory, if an individual’s daily intake could
be observed every day for a long period of time, say a year
or two, the estimate would be a reliable estimate of the
individual’s usual intake®. The accuracy of assessment of
adequate nutrient intake of population groups depends
upon a reasonable estimate of wusual nutrient intake
distribution of that group, with accurate estimation of the
intake percentiles in the population®™°. Dietary assess-
ment, especially of children, is fraught with random and
systematic error”'?, Short-term measurements such as
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Within-person variation

24-hour recalls, diet records and food diaries contain an
additional variance component: the normal, day-to-day
fluctuations in intake of free-living populations. This
fluctuation is also known as within-person variation''.
Significant within-person variability can obscure the true
between-person variation that is of interest in distingui-
shing those groups with adequate or inadequate intake”'?,

One school of thought proposes that if at least two non-
consecutive or three consecutive recalls are collected on at
least a sub-sample of the study group, the within-person
variation can be calculated and its effect partially adjusted
statistically®'?. The collection of additional days of recall,
although desirable, may be cost-prohibitive, especially in
sub-populations of interest. Collecting a 1-day recall
would be least expensive and burdensome, but would
contain no information about within-person variation.
Due to cost and respondent burden, many national
surveys, including the US Continuing Survey of Food
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Intakes by Individuals (CSFID and the forthcoming
integrated ‘What We Eat in America—NHANES’, collect
two non-consecutive 1-day recalls®.

If only a single short-term recall is collected, the usual
intake distribution of the group cannot be determined. The
Third National Health and Nutrition Examination Survey
(NHANESIID 1989-1994, a large, nationally representative
US study, collected a single 24-hour recall for approxi-
mately 30 000 people and a second recall on 5% of adults.
The replicate was collected for the purpose of estimating
within- and between-person variances for the estimation of
nutrient intake distributions. For adults then, it is possible to
calculate usual intake percentiles'®. However, usual intake
cannot be determined in NHANESIII data for most sub-
populations (i.e. children), as repeat measures were not
collected in this population. Other studies have erro-
neously reported inadequate group intakes using the North
American Dietary Reference Intakes (DRIs), based upon an
unadjusted single day’s intake!"1.

In the case of a study where only a single short-term
recall has been collected, the possibility of using an
appropriate external estimate of within-person variability
to analyse a subgroup of interest in relation to the DRIs has
been SnggCSt€d6’16_18. However, the issue of what may
constitute an appropriate external estimate has not been
discussed. If an estimate is used from a group with much
higher or lower within-person variability than the target
group, then the usual intake derived from applying the
variance of a divergent group may be incorrect.

A second alternative would be using an estimate of
within-person, day-to-day variation from the same
population, but several years before or after the time
period for which adequacy is estimated. Changes over
time in the food supply and eating patterns could lead to
differential changes in within- and between-person
variation. These changes could seriously compromise
results from cohort studies that collect multiple days of
intake at the beginning of the study and then use those
estimates of within-person variation to adjust intake data
in subsequent rounds of data collected months or even
years later, or to calibrate dietary intake data from
successive food-frequency questionnaires.

The present study builds upon previous research
wherein we demonstrated that within- and between-
person variation in Russian and US children’s diets, as
estimated by 24-hour recall, varies substantially by age and
sex group and between the two countries (Jahns L,
Carriquiry A, Arab L, Mroz T, Popkin BM. Within- and
between-person variability of nutrient intakes of Russian
and US children differs by sex and age. Unpublished
results). We hypothesised about the feasibility of using
estimates of within-person variation from one nationally
representative population subgroup (say, US children of
some age and sex subgroup) to adjust the usual intake
distribution of another group (in this case, Russian
children of the same age and sex subgroup).
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To our knowledge, no one has examined the usefulness
of using appropriate external estimates of within-person
variation to adjust usual nutrient intake distributions. We
report and compare prevalence estimates of inadequate
intake of one example nutrient, vitamin C, amongst
Russian children in 1996. We chose vitamin C as a nutrient
of public health interest that also has an Estimated Average
Requirement (EAR). We apply the EAR cut-point approach
using three different methods of statistical adjustment of
the usual intake distribution of a single 24-hour recall.
First, adjusting the usual intake distribution with day 2
recalls from the same 1996 sample (the correct method);
second, adjusting the distribution using external variance
estimates derived from US children in 1996; and third,
adjusting the distribution using external estimates derived
from Russian children of the same age in 2000. We also
present prevalence estimates based on naive statistical
analysis of the unadjusted distribution of intakes.

Participants and methods

Study population

Data were derived from two studies: the Russia
Longitudinal Monitoring Survey (RLMS) and the CSFIIL.
The RLMS is an ongoing split-panel survey of health and
economic change in the Russian Federation. Details of the
design and collection of the study can be found
elsewhere'”*. This study was approved by the Insti-
tutional Review Board at The University of North Carolina
School of Public Health.

The CSFII is a series of cross-sectional, nationally
representative surveys of the kinds and amounts of food
eaten by Americans and has been described in detail
elsewhere?".

Data collection

Both studies collected 24-hour recalls. In 1994, 1995 and
1996, CSFII collected two interviewer-administered
24-hour recalls, using a multiple-pass approach. Children
aged 12 years and over self-reported intake, while data for
those under 12 were provided by a parent or caregiver. The
final sample consists of 386 9.0—13.9-year-old children with
complete data interviewed in 1996 (CSFII 1996).

In 11 of the 12 RLMS data collection rounds, a single
24-hour recall was collected. In 1996 two non-consecutive
recalls were collected for all individuals (RLMS 1996), and
in 2000 a sub-sample of 250 children provided three
consecutive 1-day recalls (RLMS 2000). Children aged 10
years and over self-reported intake, while data for those
under 10 were provided by a parent or caregiver. Having
multiple recalls at two time points allows us to compare
potential time differences in within-person variation. The
RLMS 1996 sample consists of 798 children with two
complete recalls. The RLMS 2000 sample consists of 103
9.0—13.9-year-old children (45 girls and 58 boys) from the
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RLMS round 9 (conducted from October to December
2000), who provided three recalls.

Only nutrients contributed from food sources were
considered in this analysis. Dietary supplement use in US
children can be considerable®?, but is very low among
Russian children. Country-specific food composition
tables (FCTs) were used to calculate nutrient values as
the US food supply contains many more fortified foods
than the Russian food supply.

The EAR cut-point method

The goal of the present analysis was to test the hypothesis
that we can use external estimates of intra-individual
variation to adjust usual intake distributions, leading to
prevalence estimates of inadequate that are comparable
to using the internal (correct) intra-individual variation.
To assess the prevalence of nutrient inadequacy, we use
the EAR cut-point methodology'?. Using this method, the
prevalence of inadequate nutrient intake in a particular
age and sex group of individuals is the proportion of the
group with intakes below the median requirement. The
EARs are based upon risks of deficiency and, for some
nutrients, chronic disease prevention®. The methods have
been described elsewhere!?16:17:24:25,

Major assumptions of this method include:

1. Intakes are accurately measured;

2. The actual prevalence of inadequate intake is neither
particularly high nor low;

3. Estimated usual intakes are independent of estimated
requirements (assumed to be true except for energy);

4. The distribution of requirements is not skewed
(assumed to be true for all nutrients except iron);

5. The variability of intakes in the group is hypothesised
to be greater than the variability of requirements
(assumed to be true).

The EAR for vitamin C for 9—13-year-old girls and boys is
39 mg?,

Software for Intake Distribution Estimation
(PC-SIDE)

The personal computer version of Software for Intake
Distribution Estimation (PC-SIDE) (version 1.0, 2003;
available from the Department of Statistics, lowa State
University, Ames, IA, USA) and the supporting documen-
tation were used to estimate usual intake distributions**?”.
Details of the methodology, also known as the Iowa State
University (ISU) method, are discussed in detail else-
where, and are built upon methods proposed and
developed by Nusser and colleagues, including one of
the authors>®%, PC-SIDE software produces an empirical
estimate of the usual nutrient intake of each EAR age and
sex subgroup, estimates adjusted percentiles and calcu-
lates the prevalence of inadequate intake based upon the
subgroup EAR cut-point method. Its use has been
endorsed by Dwyer et al.® and Hoffman et al.*®.
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Covariates

Many individual-level factors affect the extent of a person’s
within-person variation in nutrient intake. For instance, if
lower-income people were to have only sporadic access to
vitamin-C-rich foods and higher-income people have
constant access, then part of the within-person variation
will be due to income. Researchers often control for
sociodemographic factors in predictive models of nutrient
intake. In this analysis, we control for poverty and urban
residence in a general way, using country-specific
measures of ‘poverty’ and ‘urban’ residence. These
controls are not meant to create comparability between
the samples, but rather to control for some of the larger
differences within countries.

In the Russian sample, the poverty variable was based
on the official Russian poverty index. This measure,
developed by one of the authors in conjunction with other
Russian officials and researchers, reflects the average cost
of food items in a Russian food basket for low-income
persons and is similar to the ‘thrifty food plan’ based on the
US poverty line®®. This household poverty index is derived
as nominal household income/sum of all individual
poverty lines in household, adjusted for household size.
We dichotomise the variable to poverty (0/1) = <100% of
the poverty index. Details on the income and price
measures can be found elsewhere®. The US poverty
variable is dichotomised as poverty (0/1) = <185% of the
poverty level. This is the level at which a family becomes
eligible for food assistance programmes in the USA.
‘Urban’ in both surveys refers to MSA designation 1 and 2.

Statistical analysis

Sociodemographic characteristics for 9—13-year-old girls
and boys are presented as prevalence and mean *+
standard deviation (SD) for each sample (Table 1).
Mean * SD values of vitamin C intake from food sources
are given (Table 2).

The adjusted variance estimates from PC-SIDE for each
sample group’s transformed distribution of vitamin C
intake were calculated (Table 3). We first weighted the
CSFII 1996 and the RLMS 2000 groups to the same age and
sex distribution as the RLMS 1996 group. For each sex
within each sample group we calculated the usual intake
distribution of vitamin C and the prevalence of inadequate
intake (based upon the EAR cut-point method), using the
standardised weights. In each of the six models we
adjusted for the effects of day of week of the interview,
interview sequence, poverty and urban residence. In the
RLMS 2000 sample, we also adjusted for the correlation of
intakes reported over consecutive days, using previously
published figures®'. From the outputs we abstracted the
two numbers needed for the external variance adjustment.
The prior estimate of the variance component ratio refers
to the ratio of within- to between-person variation, and the
prior estimate of fourth moment of measurement error
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Table 1 Demographics of 9—13-year-old children from the Russia Longitudinal Monitoring Survey (RLMS) and the

US Continuing Survey of Food Intakes by Individuals (CSFII)

Sample (n) Age (years), mean = SD % Below poverty level % Residing in urban centre

Girls

RLMS 1996 402 11.0x14 44.8 73.9

CSFIl 1996 176 10914 23.9 71.6

RLMS 2000 45 11.0 £ 1.6 35.6 80.0
Boys

RLMS 1996 371 10914 44.0 70.1

CSFIl 1996 196 10.8 = 1.3 20.9 76.5

RLMS 2000 58 10.7 = 1.5 37.9 72.4

SD - standard deviation.

Table 2 Estimated day and average intake of vitamin C (mg) by sex for 9—13-year-old children from
the Russia Longitudinal Monitoring Survey (RLMS) in 1996 and 2000%, and the US Continuing
Survey of Food Intakes by Individuals (CSFII) in 1996

Day 1 24-hour recall, Second 24-hour recall, Average,

Sample (n) mean + SD mean + SD mean + SD
Girls

RLMS 1996 (402) 59.6 = 51.7 52.0 + 47.8 54.8 + 50.0

CSFIl 1996 (176) 88.0 = 77.7 82.9 + 66.0 85.4 +72.0

RLMS 2000 (45) 59.6 + 44.8 746 £ 77.9 65.2 + 61.3
Boys

RLMS 1996 (371) 54.0 = 47.5 44.7 + 35.3 49.4 = 42.0

CSFIl 1996 (196) 95.6 =+ 77.8 90.0 £ 75.5 92.8 = 76.6

RLMS 2000 (58) 52.8 = 44.7 55.0 + 52.1 54.6 = 46.5

SD - standard deviation.
*Three-day average.

distribution refers to the kurtosis, or flatness, of the
distribution curve.

Next, to determine if the external variance estimates are
different enough to cause meaningful changes in the
observed prevalence of inadequate vitamin C intake, we
used the EAR cut-point method, implemented using
PC-SIDE. The external variance estimates from the CSFII
1996 and RLMS 2000 (Table 3) were used to adjust the
usual intake of the RLMS 1996 children.

Specifically, to apply the external variance estimates, we
opened the same dataset from the RLMS 1996 girls (then
boys). First, we opened the ‘Configuration’ window, and

Table 3 Variance estimates® used to adjust RLMS 1996 usual
intake distribution

Prior estimate of
fourth moment of
measurement error
distribution (kurtosis)

Prior estimate
of the within- to
between-person variance
component ratio

9-13-year-old girls

RLMS 1996 0.69034 3.5962

CSFIl 1996 0.60708 3.0680

RLMS 2000 0.69113 3.4269
9—13-year-old boys

RLMS 1996 0.54390 3.0000

CSFIl 1996 0.75414 4.4625

RLMS 2000 0.61146 3.6090

RLMS - Russia Longitudinal Monitoring Survey; CSFIl — US Continuing
Survey of Food Intakes by Individuals.

*All prior (external) estimates are obtained through PC-SIDE software.
These are the external estimates used by PC-SIDE to adjust the distri-
bution in Table 4, and are estimated from data that have already been
transformed into the normal scale.

then the ‘Parameters’ tab. At the bottom is a box marked
‘Prior estimated variance component ratio specified for
each run? which had to be left unchecked. Next, the two
components of the external variance estimate were typed
in the appropriate box. Finally, the last box is labelled
‘Number of individuals associated with the prior variance
component ratio (0 implies infinity)’. This box was set to
zero. The model was then run again using the external
variance estimates (Table 4).

We list the top food group sources of children’s vitamin
C intake for each sample group (Table 5).

Data management and descriptive statistics were

performed using SAS and Stata software?*>3,

Results

Sociodemographic characteristics for each sample are
described in Table 1. The mean age of 9-13-year-old
children was similar in all three samples and between girls
and boys. Twice as many Russian as US children lived in
poverty in 1996 (44.3 vs. 22.3%), but the proportion of
Russian children living in poverty declined between 1996
and 2000 (44.3 to 36.9%). A high proportion of children in
all samples resided in urban areas (>70%). Among the
Russian children, slightly more children lived in urban
areas in the 2000 sample than in the 1996 sample.
Russian children had considerably lower vitamin C
intakes than US children (Table 2). Russian boys in 1996
had the lowest mean intake of vitamin C (49 mg), lower
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Table 4 Prevalence of inadequate vitamin C intake by the Estimated Average Requirement cut-point method using
internal and external variance estimates to adjust the usual intake distribution, 9—13-year-old children

Adjusted with CSFII
1996 variance = SE

Adjusted with RLMS
2000 variance = SE

Adjusted
true value = SE Unadjusted”

Girls

RLMS 1996 22.97 = 0.05 45.15

CSFIl 1996 10.93 = 0.05 31.82

RLMS 2000 26.37 = 0.11 41.48
Boys

RLMS 1996 35.83 £ 0.03 51.35

CSFIl 1996 2.20 = 0.03 26.53

RLMS 2000 29.19 = 0.09 4713

27.30 = 0.04 22.98 = 0.05

33.27 £ 0.04 32.56 = 0.04

SE - standard error; CSFIl — US Continuing Survey of Food Intakes by Individuals; RLMS — Russia Longitudinal Monitoring Survey.

* Proportion with mean 1-day vitamin C intakes below 39 mg.

than both Russian girls and US children. The mean day 2
vitamin C intakes were lower than the day 1 intakes for all
participants except the RLMS 2000 girls, who reported a
much higher intake level on day 2.

The variance components obtained from PC-SIDE for
each sample are shown in Table 3. The variance
components are estimated from data that have already
been transformed into the normal scale and the ratios
should be interpreted as follows: in the transformed scale,
the ratio represents the relative proportion of within- to
between-person variance in intake. For example, in the
case of Russian girls in 1996, 69% of the total variation in
daily intake of vitamin C can be attributed to within-
person variability and 31% can be attributed to between-
person variability.

It is difficult to determine how different the variance
estimates are from each other, so we substituted the
external estimates from the CSFII 1996 and the RLMS 2000
samples into the model for the RLMS 1996 sample.

Table 4 shows the prevalence of inadequate vitamin C
intake in each sample using the EAR cut-point method and
PC-SIDE software (column 2). The prevalence of
inadequate intake of Russian children in both time periods
was high (23—-36%). It was much lower among US children
in 1996 (2—11%). Among the Russian girls, the prevalence
increased (~13%), but among boys it decreased by a fifth
over 4 years.

For all sample groups, the observed prevalence estimate
was considerably higher when the (unadjusted) single
day’s intake was used. The bias was especially high among
the US groups, ~300% higher among girls (32 vs. 11%)
and ~ 1300% among boys (27 vs. 2%). Among Russian girls
in 1996, the bias was nearly 100% (45% vs. 23%), among
boys the prevalence was overestimated by 140%. In 2000
the bias was similarly high (column 3).

If we had only a single day’s intake for the Russian girls
in 1996, and imported the variance estimates from the
CSFII girls in 1996, the resulting estimate would over-
estimate the true value by 17% (27 vs. 23%) (column 4). If
we used the variance estimate from the RLMS 2000 girls,
the results are identical to the correct value (23%) (column
5). If we did the same for the boys, use of either the CSFII

1996 or the RLMS 2000 estimates for external variance
underestimates the prevalence of inadequate intake of
vitamin C by three percentage points, or 6%.

Table 5 shows the top sources of vitamin C for each
sample. Russian children in both time periods obtained
vitamin C from whole foods. The main source of vitamin C
among US children was almost equally from fruit juice,
fruit-flavoured beverages, and fruits and vegetables.

Discussion

The aim of this study was to examine the utility of external
variance estimates to adjust the usual intake distribution of
an example nutrient, vitamin C, in a group of Russian girls
and boys in 1996. The results suggest that by ignoring
within-person variation and applying the EAR cut-point
method to a single dietary recall, the resulting prevalence
estimate of inadequate nutrient intake is considerably
inflated. When the intake distribution is adjusted using an
external variance estimate from a different population, the
prevalence estimate is much less biased, suggesting that
any adjustment may give less biased estimates than no
adjustment. The present study is the first to assess the
possibility of using variance estimates of nutrient intake
derived from one group of children to adjust the usual
intake distribution and assess the prevalence of
inadequate intake in another group of children. An
important finding is that even though the magnitude of
day-to-day variation in nutrient intake may change over

Table 5 Top sources of vitamin C* for sample groups, children
aged 9-13 years

Food group Russian children US children
Fruits & vegetables 70 24
Mixed dishes 14 13
Fruit juice 6 23
Non-juice beverages 4 24
Sweets 4 1
Dairy products 1 2
Cereals 1 13
Total 100% 100%

*Percentage contribution.



74

time in a population, when it is used to adjust or calibrate
a nutrient distribution, the change may not be large
enough to bias the results markedly.

Both the RLMS and the CSFII are invaluable resources
for examining the effect of using external variance
estimates to perform the recommended statistical adjust-
ments to dietary data before applying the EAR cut-point
method. Both are nationally representative of their
respective populations and have large enough sample
sizes to examine decomposed variance estimates for age
and sex subgroups of children. The diet collection
methodology was similar, as the RLMS collection methods
were designed based upon the US Department of
Agriculture’s multiple-pass methodology. However, there
are several concerns. First, it is difficult to compare two
countries that are economically so different — the US is a
developed country and Russia is a transitional country.
Ideally, data used for external variance estimates should
come from subjects with similar backgrounds whenever
possible. The dataset must have an adequate estimate of
both within- and between-person variance. A good
external estimate of between-person variance is not
sufficient if the sampling days are not randomly chosen,
and a good estimate of within-person variance is worthless
if the reference study population is too homogeneous.
This is why we recommend the use of a large, nationally
representative dataset, such as CSFII, which fulfils both of
these points. Our study shows that even with differences
in culture and food environment, using the external
estimate still gives less biased results than not adjusting at
all. Using an estimate from a similar population would be
more appropriate, but in the absence of an ideal dataset,
use of even a non-ideal external estimate is preferable to a
lack of adjustment. Systematic bias in reporting of dietary
components has been found in US children, especially
among overweight children®**°. There are no studies to
our knowledge assessing the propensity to report
correctly intake among Russian children.

We make several assumptions. One is that within-
person variance is constant across individuals, and
therefore the within-person variability calculated from
any two observed days of intake for an individual will
equal that based on two observed days of intake for any
other individual. Another is the potential for bias due to
the different ages at which children self-report in each
survey. Although the methods used to collect 24-hour
recalls were similar for both the RLMS and the CSFII, the 2-
year difference in the age at which proxy report became
self-report could lead to bias. A study by Bandini et al.
reported that as girls age, they tend to underreport energy
to a greater extent>. If we were to make the assumption
that Russian children follow the same pattern as US
children, and that the proxy report is more reliable than
the older child’s self-report, we may assume greater
underreporting among the 10—12-year-old Russian chil-
dren than among the 10-12-year-old US children.

L Jahns et al.

However, we have found in previous research that the
discrepancies in mean intake for older Russian and US
children (where both groups self-report) is similar to that
found with the present sample (Jahns L, et al., unpub-
lished results).

The methodology does not allow for the uncertainty of
the variance estimates. PC-SIDE does allow for sampling
weights in the analysis, but the external estimates are
treated as though estimated from the sample. In this study,
the interpretation would not change based upon more
conservative standard errors. Another potential problem is
the FCTs used to calculate vitamin C intake. The US FCT
reflects fortification levels of many commonly consumed
items, but the Russian FCT may not accurately reflect the
rapidly changing food supply in Russia. Most foods are not
fortified at this point, but increasing imports may change
the structure of the diet. For instance, sok or fruit juice is
widely consumed in Russia, but the vitamin C content may
vary considerably. An examination of Table 5 shows that
the major food sources of vitamin C for Russian children
are whole foods with relatively small (compared with
fortified foods) levels of vitamin C, but are consumed
frequently. Russian children consume fewer foods and
have less dietary variety than US children (Jahns L, et al.,
unpublished results), and based upon previous research
we are confident that the within-person variation in
vitamin C intake is indeed much smaller in Russian
children than in US children.

The sample of Russian children in 2000 is smaller than
the other two samples, and was also collected differently,
using three consecutive recalls rather than the two non-
consecutive recalls contributed by the other two samples.
Although we controlled for the correlation between days
in the analysis, the correlation is derived from published
estimates based on a US sample and may not be
appropriate for Russian children®. This bias may lead to
smaller estimates of within-person variation, which would
then lead to an overestimate of prevalence of nutrient
inadequacy, which we did not see in this analysis.

It is difficult to compare this study to others, as no other
study that we are aware of has examined the efficacy
of using external estimates of within-person variation
to adjust usual intake distributions for the purpose of
correctly applying the EARs to assess prevalence of
nutrient inadequacy. Chang et al. used an external
variance estimate to adjust usual intake distributions but
did not address or discuss the possible ramifications for
doing s0°°. Murphy and Poos suggested using an estimate
of within-person variation when only 1 day of intake data
is available, but did not discuss how effective this may be
in practice’’. In this study, we compare the prevalence
estimates that are obtained using an external variance ratio
with those that are obtained using the best available
methodology and internal variance adjustments.

Appropriate statistical procedures can be applied to
bridge the gap between observed short-term nutrient
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measurements and usual or habitual intake. Whenever
possible, study design should include diet measurement
on at least two non-consecutive days, and care should be
taken that those days cover all weekdays and seasons,
including at least one weekday and weekend per person,
to obtain a more complete picture of an individual’s
within-person variation. Failing that, however, statistical
procedures can be applied by using subgroup variance
estimates from similar groups in readily available datasets.

Our previous research indicated that caution was needed
when considering borrowing within-person variance, as
we found large differences in within-person variation of
nutrient intake between the Russian and US samples and
within sexes (Jahns L, et al., unpublished results). However,
the present research suggests that although the differences
may appear great, when used with the ISU method the
differences are not as important as failure to adjust at all.

Simulation studies would be needed to determine
thresholds at which external estimates introduce bias. It
may be possible that results from simulation studies could
be used to produce a series of estimates of within-person
variation that may be used reliably by researchers to adjust
their nutrient intake distributions for population sub-
groups. Until such estimates exist, our results suggest that
the use of external variance estimates represents a
reasonable approach to using the EAR when the requisite
2 days of intake is not available.

Conclusion

Naive application of the EAR cut-point method to
unadjusted nutrient distributions will result in seriously
biased prevalence estimates. External estimates of within-
person variance components perform well when com-
pared with the correct adjustment calculated from multiple
recalls in the same sample.
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