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Multiple-day diet records can be unsuitable for cohort studies because of high administrative and analytical
costs. Costs could be reduced if a subsample of participants were analyzed in a nested case-control study.
However, completed records are usually reviewed (‘‘documented’’) with participants to correct errors and omis-
sions before analysis. The authors evaluated the suitability of using undocumented 3-day food records in 2
samples of women in a Northern California cohort study of breast cancer survivorship (2006–2009). One group
of participants (n ¼ 130) received an introduction to the food record at enrollment, while another (n ¼ 70) received
more comprehensive instruction. Food records were mailed to participants 6 months later for follow-up and were
analyzed as received and after phone documentation. Error rates for adequate completion were high in the first
group but substantially lower among persons receiving instruction; prevalences of missing data on serving size and
incomplete food descriptions changed from 30% to 4% and from 32% to 6%, respectively (P < 0.0001). Correla-
tions between nutrient intakes calculated from undocumented and documented records were 0.72–0.93 in the first
group and were significantly stronger (0.84–0.99) among persons receiving instruction. Documentation had little
effect on intraclass correlation coefficients across days, but training increased the coefficients for many nutrients.
When participants receive proper instruction, undocumented food records can be satisfactory for large epidemi-
ologic studies.

breast neoplasms; cohort studies; data collection; diet records; reproducibility of results

Abbreviations: FFQ, food frequency questionnaire; ICC, intraclass correlation coefficient; SD, standard deviation; VITAL, Vitamins
and Lifestyle.

Food frequency questionnaires (FFQs) are commonly
used in epidemiologic studies to assess dietary intake be-
cause of increased efficiency and low cost, yet in general,
multiple-day food records are more precise measures of
food intake than FFQs (1). In fact, studies using doubly
labeled water and other biomarkers suggest that food rec-
ords are more valid than FFQs and that the error associated
with FFQs is greater than previously estimated (2–6). How-
ever, the use of food records in cohort studies is often con-
sidered impractical because of the need to conduct a
nutritionist-administered review to correct completed rec-
ords and the prohibitive analytical costs for the entire cohort
(1–3). However, if a food record protocol does not require

nutritionist review, a case-cohort or nested case-control
study design could be used, and only records from a subset
of the cohort (i.e., cases and controls) would be needed for
data analysis.

To our knowledge, only 1 small study has examined the
quality of food records with and without nutritionist review
(4), which is a process called documentation. In a random
sample of 68 healthy men and women from the Vitamins
and Lifestyle (VITAL) cohort study in western Washington
State, comparison of undocumented 3-day food records with
traditional documented food records yielded comparable
mean nutrient intakes (high precision, minimal bias), high
nutrient correlations (high validity), and similar within-person
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day-to-day nutrient variability. We decided to test this valida-
tion protocol in a sample of 130 women newly diagnosed with
breast cancer and recently enrolled in a prospective cohort
study of breast cancer survivors.

Initial results (unpublished data) showed that nutrient
values from undocumented food records were less precise
and less valid than those from documented records. There-
fore, we decided to improve upon the original protocol by
training study staff to administer comprehensive, in-person
instruction to participants on how to complete a 3-day food
record, evaluating this protocol in a unique sample of breast
cancer patients enrolled in a study of breast cancer survival.
Our aims were 1) to assess the rate of specific errors in the
undocumented dietary records, 2) to examine the precision
(mean difference and standard error) and validity (correla-
tion) of nutrient intake measures from undocumented rec-
ords by comparing data from the undocumented records
(analyzed as received) with the reference measurement of
records documented (corrected) by means of nutritionist in-
terview, and 3) to evaluate whether minimal or comprehen-
sive instruction on completing the food record improved
data quality.

MATERIALS AND METHODS

The Pathways Study is an ongoing, prospective cohort
study that is actively recruiting women recently diagnosed
with invasive breast cancer (all stages) from the Kaiser Per-
manente Northern California patient population (5). The
overarching goal of the study is to determine how lifestyle
and molecular factors might influence breast cancer recur-
rence and survival. Written informed consent is obtained
from all participants before they are enrolled in the study,
typically at the beginning of the in-person baseline inter-
view. The study was approved by the institutional review
boards of Kaiser Permanente Northern California and all
collaborating institutions.

Data collection

During the baseline interview (2 months postdiagnosis,
on average), a series of questionnaires were administered, and
information pertinent to this analysis was collected, such as
information on demographic factors (race/ethnicity, educa-
tion, and household income) and self-reported height and
weight for calculation of body mass index (weight (kg)/
height (m)2). Participants were also asked to complete a base-
line 3-day food record. The 3-day food record booklet was
designed to be entirely self-administered. It contained in-
structions for recording food intake (including how to de-
scribe food preparation methods, added fats, brand names,
and ingredients of mixed dishes and recipes), as well as an
example of a correctly completed day’s record. The book-
let also contained 12 questions on food-use patterns to collect
information typically obtained during review of completed
food records; these responses were used to assign default
values when records were incomplete. The food record can
be viewed online at http://www.fhcrc.org/science/shared_
resources/nutrition.

Six months later, as part of the first follow-up, all partic-
ipants were mailed another 3-day food record, detailed
instructions, and a return envelope. They also received a
12-page serving size booklet containing photographs and
other measurement tools to facilitate accurate quantification
of foods and beverages consumed. The serving size booklet
can also be viewed at http://www.fhcrc.org/science/shared_
resources/nutrition. Because of dietary changes that can be
caused by effects of adjuvant treatment during the first 6
months after a breast cancer diagnosis, data from food records
obtained at the 6-month follow-up, rather than at the baseline
interview, were used in this analysis.

Two convenience samples of women were selected from
the study population. In the first group (n ¼ 150), the food
record was briefly introduced by an interviewer during the
baseline interview (hereafter referred to as ‘‘minimal in-
struction’’), with only a brief mention to the participant that
she would be asked to complete another food record in 6
months as part of her 6-month follow-up. In the second
group (n ¼ 76), interviewers were trained to deliver more
comprehensive instructions on completing the food record
during the baseline interview and repeatedly emphasized to
the participant that she would be asked to complete another
food record at the 6-month follow-up (hereafter referred to
as ‘‘comprehensive instruction’’). The additional instruc-
tions consisted of the following directives: Record 3 non-
consecutive days of food intake, including 1 weekend day;
do not change your usual eating habits while keeping the
record; describe completely the foods eaten, amounts eaten,
and preparation methods (if applicable); and include labels
providing nutrition facts (if applicable). The interviewer
also went through each page of the booklet with the partic-
ipant and helped the participant start recording her first day
of intake.

Six-month records received within 17 days of the last day
the participant recorded food and beverage intake (2 weeks
to complete, plus 3 days to mail) were considered suffi-
ciently recent to complete documentation over the phone.
Trained staff entered data from these undocumented food
records into the Nutrition Data System for Research (ver-
sion 2008, Food and Nutrient Database 39) (6, 7) using a set
of rules to standardize entry of foods with incomplete in-
formation. Records were additionally coded for the numbers
of foods that were missing the following types of required
information: serving size, food description, preparation
method, and recipe or mixed food ingredients. An inter-
viewer called the participant to collect missing and incom-
plete information, and these data were also entered into the
Nutrition Data System for Research by staff who were
blinded to decisions made during analysis of the undocu-
mented records.

Statistical analysis

Error rates (defined as the number of omissions divided
by the number of foods subject to that omission) were cal-
culated for each type of missing information for each day’s
intake. To test whether error rates differed according to age
at diagnosis, body mass index, race/ethnicity, education, or
household income, we used multivariate weighted linear
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regression models with daily error rates (as response vari-
ables) weighted for the number of foods in each category of
error, adjusting for all characteristics of interest. In linear
tests for trend, continuous variables (age at diagnosis, body
mass index) were modeled with continuous values, and cat-
egorical variables (education, household income) were
modeled on an ordinal scale. To test whether individual
error rates differed between the minimal instruction and
comprehensive instruction groups, the data were combined
and an indicator variable for group status was included in
the multivariate regression model. To assess the impact of
recording errors on nutrient estimates, we calculated preci-
sion (bias) as the mean difference and standard error between
undocumented and documented records, and we computed
validity as Pearson’s correlation coefficients and Spear-
man’s rank correlation coefficients using log-transformed
nutrient values. Therefore, a correlation coefficient of
1.0 would be considered perfect precision (i.e., agreement)
between the undocumented and documented nutrient values.
We used intraclass correlation coefficients (ICCs) among
3 days of food records to compare day-to-day variation in
nutrient intake between the undocumented and documented
records. Fisher’s z transformation tests were used to com-
pare correlation coefficients and ICCs (8). All reported P
values are 2-sided and were considered statistically signif-
icant at P < 0.05.

RESULTS

In the minimal and comprehensive instruction groups,
respectively, 130 (87%) out of 150 women (19 ineligible,
1 refused) and 70 (92%) out of 76 women (5 ineligible, 1
refused) returned a completed 6-month food record within
17 days of the last intake day and were successfully con-
tacted for review of their food record within 5 days. The
main reason for ineligibility was inability to reach the par-
ticipant for review of her food record within the allotted
time period of 5 days. We made an exception for 3 partic-
ipants in the first group and 1 participant in the second group
who were contacted up to 14 days after the record was re-
ceived, since their records were returned well below the
average time for their respective groups. The mean time to
return of the food record to the study office was 9.1 days
(standard deviation (SD), 3.3) in the first group and 8.5 days
(SD, 3.3) in the second group, while time needed to reach
the participant for the phone review was 1.7 days (SD, 2.1)
in the first group and 2.4 days (SD, 2.3) in the second group.
This analysis was limited to the 130 and 70 women with
complete data from the minimal and comprehensive instruc-
tion groups, respectively. Participants were similar to the
overall Pathways cohort (5) by being predominantly white
(minimal instruction group, 85%; comprehensive instruc-
tion group, 86%), having at least some college education
(minimal instruction group, 87%; comprehensive instruc-
tion group, 90%), and more often being overweight or obese
(minimal instruction group, 65%; comprehensive instruc-
tion group, 66%).

Table 1 gives numbers of omissions and error rates in the
3-day food records. Participants reported consuming an

average of 15.7 and 15.9 foods per day in the minimal and
comprehensive instruction groups, respectively. In the min-
imal instruction group (top portion of Table 1), error rates
were high, and the most common error was missing prepa-
ration method (62%), followed by missing description of
food item (32%), missing serving size amount (30%), and
missing recipe or mixed food ingredients (26%). After in-
terviewer training (comprehensive instruction group), all
measures of quality improved: serving size amount (4%),
food item description (6%), preparation method (40%), and
recipe or mixed food ingredients (23%) (bottom portion of
Table 1).

Table 1 also gives the associations between error rates and
participant characteristics in the 2 groups. In the minimal
instruction group (top portion of Table 1), women aged
70 years or more were more likely to miss serving sizes
(P ¼ 0.0025), nonwhite women were more likely to miss
preparation method (P ¼ 0.019), and increasing household
income was borderline statistically significant, inversely re-
lated to missing recipes or ingredients in mixed foods (P ¼
0.009 for $50,000–$89,999 and P ¼ 0.088 for �$90,000;
P for trend ¼ 0.061). In addition, less-educated women had
more missing data on preparation method (for women with
a high school education, P ¼ 0.032; P for trend ¼ 0.018).
None of the error rates differed by body mass index. In
the comprehensive instruction group (bottom portion of
Table 1), women aged 70 years or more consistently had
higher error rates: missing serving size amount (borderline
statistically significant; P ¼ 0.062), missing food descrip-
tion (P ¼ 0.012; P for age trend ¼ 0.020), missing prepa-
ration method (P ¼ 0.033), and missing recipe or mixed
food ingredients (P ¼ 0.0017). While results were border-
line significant, women with body mass indices of 25–29
also had more missing food descriptions (P ¼ 0.066), and
women with annual household incomes of $50,000–$89,000
had more missing recipe or mixed food ingredients (P ¼
0.062). None of the error rates differed by race/ethnicity or
education. Overall, the minimal instruction group had
significantly higher error rates than the comprehensive in-
struction group, except for missing recipe or mixed food
ingredients.

Table 2 gives correlation coefficients for the correlation
between undocumented and documented food records in
both the minimal and comprehensive instruction groups
for a variety of macro-, micro-, and fat- and water-soluble
nutrients of most interest for cancer research. In the minimal
instruction group, agreement was moderate, ranging from
0.72 for trans-fatty acids to 0.93 for alcohol. Agreement was
significantly higher in the comprehensive instruction group
for each nutrient examined, ranging from 0.84 for trans-
fatty acids to 0.99 for alcohol. For example, the correlations
for percentage of calories from fat, vitamin D, and calcium
increased from 0.79 to 0.92 (P < 0.001), from 0.85 to 0.96
(P < 0.0001), and from 0.86 to 0.96 (P < 0.0001), respec-
tively. Interestingly, after documentation in both the mini-
mal and comprehensive instruction groups, reductions in
estimated energy intake of 33.7 kcal/day and 44.4 kcal/
day, respectively, were observed. This difference may be
explained, to a large extent, by reductions in estimated fat
intake of 4.0 g/day and 3.6 g/day, respectively (saturated
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Table 1. Mean Numbers of Foods and Omissions per Person per Day in Self-Administered 3-Day Food Records in Participant Subgroups Receiving Minimal and Comprehensive Instruction,

Pathways Study, Northern California, 2006–2009

Characteristic
No. of

Participants

Serving Size Amount Description of Food Itema Preparation Methodb,c Recipe or Mixed Food Ingredientsc,d

Mean
No. of
Foods

Mean
No. of

Omissions
%

P
Valuee

Mean
No. of
Foods

Mean
No. of

Omissions
%

P
Valuee

Mean
No. of
Foods

Mean
No. of

Omissions
%

P
Valuee

Mean
No. of
Foods

Mean
No. of

Omissions
%

P
Valuee

Minimal Instruction Group (n ¼ 130)

Overall 130 15.7 4.5 30.0 15.7 4.6 31.7 3.2 2.0 62.1 1.8 0.4 25.9

Age at diagnosis, years

<60 71 16.0 4.0 27.1 Referent 16.0 4.4 29.0 Referent 3.3 2.0 60.4 Referent 1.9 0.4 26.6 Referent

60–69 27 15.3 4.6 31.9 0.12 15.3 4.7 33.7 0.32 3.2 2.0 62.9 0.63 1.6 0.3 24.9 0.90

�70 32 15.4 5.4 35.1 0.0025 15.4 4.9 35.9 0.24 3.0 1.9 65.2 0.43 1.8 0.4 25.2 0.82

P for trend 0.11 0.24 0.93 0.13

Body mass indexf

<25 45 16.7 4.8 30.5 Referent 16.7 4.5 30.1 Referent 3.4 2.0 57.4 Referent 1.9 0.4 24.9 Referent

25–29 41 15.8 4.4 29.3 0.47 15.8 4.8 33.4 0.68 3.2 2.1 68.5 0.15 1.8 0.4 27.6 0.89

�30 44 14.7 4.3 30.3 0.44 14.7 4.4 31.7 0.94 3.1 1.8 61.0 0.46 1.8 0.4 25.4 0.99

P for trend 0.98 0.35 0.78 0.42

Race/ethnicity

White 110 15.9 4.6 30.0 Referent 15.9 4.6 31.4 Referent 3.1 1.9 61.1 Referent 1.8 0.4 25.6 Referent

Other 20 14.5 4.1 30.4 0.45 14.5 4.7 33.1 0.28 3.8 2.6 67.5 0.019 1.9 0.5 27.4 0.93

Education

College graduate/
postgraduate

54 15.6 4.4 28.7 Referent 16.3 4.4 28.9 Referent 3.4 1.9 57.0 Referent 1.9 0.3 21.2 Referent

Some college 54 15.6 4.5 34.8 0.25 15.6 4.6 31.7 0.15 3.1 2.0 63.5 0.24 1.8 0.4 26.8 0.57

High school or less 16 13.6 4.7 34.8 0.26 13.6 5.3 42.2 0.082 2.9 2.1 76.6 0.032 1.7 0.5 40.1 0.19

P for trend 0.73 0.17 0.018 0.22

Annual household
income

<$50,000 38 13.8 4.2 32.5 Referent 13.8 4.7 38.8 Referent 2.8 1.9 70.5 Referent 1.6 0.5 41.6 Referent

$50,000–$89,999 37 16.1 5.0 32.6 0.63 16.1 4.4 28.3 0.26 3.6 2.0 56.7 0.071 1.8 0.3 14.9 0.009

�$90,000 37 16.8 4.3 26.4 0.91 16.8 5.0 29.7 0.94 3.5 2.2 61.3 0.67 2.0 0.4 23.9 0.088

Didn’t know/refused 18 16.6 4.3 27.2 0.18 16.6 4.2 28.1 0.13 3.0 1.7 57.1 0.087 1.9 0.4 20.4 0.13

P for trendg 0.44 0.95 0.77 0.061

Comprehensive Instruction Group (n ¼ 70)

Overall 70 15.9 0.5 4.0 15.9 0.8 5.5 1.8 0.8 39.7 1.5 0.3 23.4

Age at diagnosis, years

<60 23 17.3 0.2 0.9 Referent 17.3 0.4 2.9 Referent 1.5 0.5 35.2 Referent 1.8 0.3 16.6 Referent

60–69 24 15.2 0.6 4.0 0.39 15.2 0.5 3.9 0.49 1.7 0.6 28.4 0.72 1.6 0.3 17.6 0.63

�70 23 15.4 0.8 7.0 0.062 15.4 1.5 9.7 0.012 2.2 1.3 55.0 0.033 1.2 0.4 35.8 0.0017

P for trend 0.11 0.020 0.23 0.33
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Body mass index

<25 24 17.2 0.5 3.5 Referent 17.2 0.4 2.5 Referent 1.6 0.6 39.8 Referent 1.5 0.2 15.4 Referent

25–29 23 15.2 0.3 2.2 0.31 15.2 1.4 8.5 0.066 2.0 1.0 43.1 0.81 1.6 0.4 28.3 0.13

�30 23 15.4 0.7 6.2 0.67 15.4 0.7 5.5 0.56 1.9 0.8 35.9 0.74 1.5 0.4 26.6 0.10

P for trend 0.21 0.93 0.69 0.22

Race/ethnicity

White 60 16.2 0.6 4.5 Referent 16.2 0.9 5.7 Referent 1.9 0.9 41.2 Referent 1.5 0.3 22.5 Referent

Other 10 14.6 0.2 0.8 0.70 14.6 0.5 4.0 0.45 1.5 0.4 30.8 0.89 1.5 0.4 29.6 0.11

Education

College graduate/
postgraduate

36 16.1 0.6 4.5 Referent 16.1 0.5 3.9 Referent 1.8 0.7 37.4 Referent 1.6 0.4 28.5 Referent

Some college 27 16.4 0.3 2.1 0.18 16.4 1.2 6.9 0.95 1.8 0.9 42.9 0.79 1.4 0.2 14.5 0.14

High school or less 7 13.3 0.9 8.6 0.63 13.3 0.9 8.3 0.64 2.2 1.0 38.4 0.87 1.5 0.4 33.2 0.62

P for trend 0.88 0.17 0.87 0.67

Annual household
income

<$50,000 20 15.5 0.7 5.7 Referent 15.5 1.6 10.1 Referent 2.2 1.2 49.8 Referent 1.4 0.2 22.3 Referent

$50,000–$89,999 19 16.9 0.4 2.4 0.27 16.9 0.5 3.1 0.19 1.6 0.6 33.4 0.66 1.3 0.3 24.9 0.062

�$90,000 23 16.3 0.4 2.7 0.62 16.3 0.5 3.8 0.20 2.0 0.7 36.1 0.83 1.8 0.4 21.4 0.18

Didn’t know/refused 8 14.0 1.0 7.2 0.49 14.0 0.5 4.2 0.31 1.3 0.7 38.4 0.43 1.5 0.2 28.6 0.52

P for trendg 0.71 0.23 0.27 0.49

a Mean number of foods requiring complete description; mean number of omissions ¼ number of foods with incomplete description of type of milk, cereal, cookies, etc.
b Mean number of foods requiring a preparation method; mean number of omissions ¼ number of foods missing data on a preparation method.
c Records with no foods in these categories were removed when calculating these error rates and conducting statistical analyses.
d Mean number of recipes or mixed foods (e.g., casseroles, soups, or sandwiches); mean number omissions ¼ number of recipes or mixed foods missing data on ingredients.
e P value from multivariate weighted general linear regression, with adjustment for all characteristics in the table.
f Weight (kg)/height (m)2.
g P for trend does not include the ‘‘Didn’t know/refused’’ category.
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Table 2. Pearson and Spearman Coefficients for Correlation Between Undocumented and Documented Food Records in Participant Subgroups Receiving Minimal and Comprehensive

Instruction, Pathways Study, Northern California, 2006–2009

Daily Nutrient
Intake

Minimal Instruction Group (n 5 130) Comprehensive Instruction Group (n 5 70)

Undocumented
Mean

Documented
Mean

Mean
Difference

(SE)

Pearson
Correlationa 95% CI

Spearman
Rank

Correlationb
95% CI

Undocumented
Mean

Documented
Mean

Mean
Difference

(SE)

Pearson
Correlationa 95% CI

Spearman
Rank

Correlationb
95% CI

Energy, kcal 1,652.9 1,619.2 33.7 (19.7) 0.86 0.80, 0.89 0.83 0.77, 0.87 1,629.1 1,584.6 44.4 (17.1) 0.97 0.96, 0.98 0.94 0.91, 0.96

Alcohol, g 6.7 6.6 0.1 (0.4) 0.93 0.90, 0.95 0.83 0.77, 0.88 3.5 3.5 �0.03 (0.2) 0.99 0.98, 0.99 0.91 0.85, 0.94

% of energy from
alcohol

2.7 2.7 �0.01 (0.2) 0.92 0.88, 0.94 0.83 0.77, 0.88 1.3 1.4 �0.1 (0.1) 0.98 0.98, 0.99 0.91 0.86, 0.95

Fat, g 65.3 61.3 4.0 (1.2) 0.77 0.70, 0.83 0.77 0.69, 0.83 67.2 63.6 3.6 (1.2) 0.96 0.93, 0.97 0.94 0.90, 0.96

% of energy
from fat

35.1 33.5 1.6 (0.4) 0.79 0.72, 0.85 0.79 0.71, 0.84 35.9 34.8 1.1 (0.3) 0.92 0.88, 0.95 0.92 0.87, 0.95

Carbohydrate, g 195.5 196.0 �0.5 (2.3) 0.91 0.87, 0.93 0.87 0.82, 0.90 193.5 192.1 1.3 (2.1) 0.97 0.95, 0.98 0.96 0.94, 0.97

% of energy from
carbohydrate

47.5 48.7 �1.2 (0.4) 0.81 0.74, 0.86 0.83 0.77, 0.87 48.3 49.2 �0.9 (0.4) 0.92 0.87, 0.95 0.91 0.86, 0.95

Protein, g 68.9 69.4 �0.4 (1.0) 0.80 0.73, 0.85 0.79 0.72, 0.85 67.8 66.2 1.5 (1.1) 0.94 0.90, 0.96 0.90 0.84, 0.94

% of energy from
protein

17.1 17.6 �0.5 (0.2) 0.77 0.69, 0.83 0.77 0.69, 0.83 17.2 17.4 �0.3 (0.2) 0.90 0.85, 0.94 0.92 0.88, 0.95

Saturated fatty
acids, g

21.5 20.0 1.5 (0.6) 0.76 0.68, 0.82 0.76 0.68, 0.82 21.5 20.5 1.0 (0.5) 0.95 0.93, 0.97 0.92 0.88, 0.95

Monounsaturated
fatty
acids, g

24.9 23.3 1.6 (0.5) 0.75 0.66, 0.97 0.73 0.64, 0.80 24.9 24.3 0.7 (0.5) 0.95 0.91, 0.97 0.92 0.87, 0.95

Polyunsaturated fatty
acids, g

13.6 13.0 0.6 (0.3) 0.75 0.66, 0.81 0.74 0.66, 0.81 15.4 13.9 1.6 (0.4) 0.94 0.91, 0.96 0.93 0.89, 0.96

Trans-fatty acids, g 3.4 3.0 0.5 (0.1) 0.72 0.63, 0.79 0.73 0.64, 0.80 2.8 2.2 0.6 (0.1) 0.84 0.76, 0.90 0.83 0.74, 0.89

Fiber, g 19.6 20.4 �0.7 (0.3) 0.91 0.88, 0.94 0.90 0.87, 0.93 20.1 20.6 �0.5 (0.3) 0.96 0.94, 0.97 0.95 0.93, 0.97

Beta-carotene, lg 3,912.3 4,241.9 �329.6 (209.3) 0.79 0.71, 0.84 0.79 0.71, 0.84 3,505.2 3,696.2 �191.0 (122.5) 0.94 0.90, 0.96 0.92 0.88, 0.95

Vitamin D, lg 4.6 4.6 �0.1 (0.1) 0.85 0.79, 0.89 0.84 0.78, 0.88 5.9 5.9 0.04 (0.2) 0.96 0.94, 0.97 0.95 0.91, 0.97

Vitamin C, mg 89.8 96.4 �6.7 (2.7) 0.86 0.81, 0.90 0.84 0.79, 0.89 109.3 115.5 �6.2 (2.7) 0.93 0.89, 0.96 0.94 0.91, 0.96

Vitamin E, mg 12.1 12.9 �0.7 (0.5) 0.78 0.70, 0.83 0.79 0.71, 0.84 12.9 13.1 �0.2 (0.5) 0.90 0.84, 0.94 0.89 0.83, 0.93

Calcium, mg 740.6 740.6 �0.1 (14.2) 0.86 0.81, 0.90 0.85 0.79, 0.89 721.8 721.6 0.3 (11.0) 0.96 0.93, 0.97 0.95 0.93, 0.97

Folate, DFE 500.6 511.3 �10.7 (16.0) 0.74 0.66, 0.81 0.73 0.64, 0.80 453.2 456.5 �3.3 (11.9) 0.89 0.83, 0.93 0.88 0.81, 0.92

Lycopene, lg 3,791.7 3,851.7 �60.0 (279.2) 0.75 0.67, 0.81 0.65 0.55, 0.74 4,223.5 4,428.5 �205.0 (285.4) 0.87 0.80, 0.92 0.94 0.91, 0.97

Glycemic loadc 148.0 147.2 0.8 (2.0) 0.89 0.85, 0.92 0.83 0.77, 0.88 143.1 141.1 2.0 (1.7) 0.96 0.94, 0.98 0.95 0.93, 0.97

Omega-3 fatty
acids, gd

0.2 0.2 �0.01 (0.01) 0.81 0.75, 0.86 0.79 0.71, 0.84 0.3 0.2 0.04 (0.02) 0.95 0.92, 0.97 0.96 0.93, 0.97

Abbreviations: CI, confidence interval; DFE, dietary folate equivalents; SE, standard error.
a Pearson correlation coefficients by nutrient were significantly different from the other group using Fisher’s z transformation (all P ’s < 0.05).
b Spearman correlation coefficients by nutrient were significantly different from the other group using Fisher’s z transformation (all P ’s < 0.01 except for total trans-fatty acids (P ¼ 0.066)).
c Glycemic load (14) was calculated using bread as the reference value.
d Omega-3 fatty acids consist of docosahexaenoic acid plus eicosapentaenoic acid.
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fatty acids by 1.5 g/day and 1.0 g/day, monounsaturated
fatty acids by 1.6 g/day and 0.7 g/day, polyunsaturated fatty
acids 0.6 g/day and 1.6 g/day, and trans-fatty acids by
0.5 g/day and 0.6 g/day). These changes indicate that
the fat content of foods could possibly be emphasized
when instructing participants on completing the food re-
cord in order to improve dietary assessment.

Table 3 gives ICCs for correlation among the 3 days of
recorded intake between the undocumented and documented
food records in the minimal and comprehensive instruc-
tion groups for the same nutrients as presented in Table 2.
Overall, in both the minimal and comprehensive instruc-
tion groups, documentation did not substantially affect the
ICCs. However, ICCs were often uniformly and substan-
tially higher in the comprehensive instruction group than
in the minimal instruction group, with the exception of ly-
copene. For example, the documented ICCs for energy, fat,
and carbohydrate increased from 0.46 to 0.69 (P < 0.0001),

from 0.32 to 0.61 (P < 0.0001), and from 0.46 to 0.67 (P <
0.0001), respectively.

DISCUSSION

This study of women recently diagnosed with breast can-
cer found that the quality of data from undocumented food
records was acceptable as long as participants received ad-
equate instruction. There were strong correlations between
nutrients calculated from documented 3-day food records
and undocumented 3-day food records, which were uni-
formly larger among women who received comprehensive
instruction on how to complete the record as compared with
those receiving minimal instruction. Similarly, errors such
as missing data on portion size or preparation method were
common in women receiving minimal instruction and were
substantially lower among those receiving comprehensive
instruction. Finally, documentation had no effect on the

Table 3. Intraclass Correlation Coefficients for Correlation Among 3 Days of Recorded Dietary Intake Between Undocumented and Documented

Food Records in Participant Subgroups Receiving Minimal and Comprehensive Instruction, Pathways Study, Northern California, 2006–2009

Daily Nutrient Intake

Minimal Instruction Group (n 5 130) Comprehensive Instruction Group (n 5 70)

Undocumenteda Documentedb Undocumenteda Documentedb

ICC 95% CI ICC 95% CI ICC 95% CI ICC 95% CI

Energy, kcal 0.46 0.36, 0.56 0.46 0.35, 0.56 0.69 0.59, 0.79 0.69 0.59, 0.79

Alcohol, g 0.71 0.63, 0.78 0.62 0.53, 0.70 0.72 0.63, 0.82 0.64 0.53, 0.75

% of energy from alcohol 0.65 0.57, 0.73 0.58 0.48, 0.67 0.76 0.68, 0.85 0.63 0.51, 0.74

Fat, g 0.34 0.23, 0.45 0.32 0.21, 0.43 0.59 0.47, 0.71 0.61 0.49, 0.72

% of energy from fat 0.28 0.17, 0.39 0.26 0.15, 0.37 0.38 0.24, 0.53 0.40 0.25, 0.54

Carbohydrate, g 0.54 0.44, 0.63 0.46 0.35, 0.56 0.67 0.56, 0.77 0.67 0.57, 0.78

% of energy from carbohydrate 0.32 0.21, 0.43 0.33 0.22, 0.44 0.43 0.28, 0.57 0.41 0.26, 0.55

Protein, g 0.37 0.26, 0.48 0.45 0.34, 0.55 0.49 0.35, 0.63 0.56 0.43, 0.68

% of energy from protein 0.32 0.21, 0.43 0.32 0.21, 0.43 0.39 0.24, 0.54 0.43 0.29, 0.58

Saturated fatty acids, g 0.36 0.25, 0.47 0.29 0.18, 0.40 0.59 0.47, 0.71 0.63 0.52, 0.74

Monounsaturated fatty acids, g 0.32 0.20, 0.43 0.31 0.20, 0.42 0.57 0.45, 0.70 0.57 0.44, 0.69

Polyunsaturated fatty acids, g 0.27 0.16, 0.38 0.31 0.20, 0.42 0.48 0.34, 0.62 0.51 0.37, 0.64

Trans-fatty acids, g 0.33 0.22, 0.44 0.25 0.14, 0.36 0.46 0.32, 0.60 0.57 0.45, 0.70

Fiber, g 0.55 0.45, 0.64 0.55 0.45, 0.64 0.64 0.53, 0.75 0.69 0.58, 0.79

Beta-carotene, lg 0.34 0.23, 0.45 0.33 0.22, 0.45 0.37 0.23, 0.52 0.38 0.24, 0.53

Vitamin D, lg 0.24 0.12, 0.35 0.33 0.21, 0.44 0.49 0.35, 0.63 0.52 0.39, 0.66

Vitamin C, mg 0.53 0.43, 0.62 0.49 0.39, 0.59 0.54 0.41, 0.67 0.54 0.41, 0.67

Vitamin E, mg 0.43 0.33, 0.54 0.39 0.28, 0.50 0.61 0.50, 0.73 0.59 0.47, 0.71

Calcium, mg 0.47 0.37, 0.57 0.50 0.40, 0.60 0.59 0.46, 0.71 0.55 0.42, 0.68

Folate, DFE 0.32 0.21, 0.43 0.38 0.27, 0.49 0.58 0.45, 0.70 0.54 0.41, 0.67

Lycopene, lg 0.25 0.14, 0.36 0.06 �0.05, 0.16 0.20 0.04, 0.35 0.23 0.08, 0.38

Glycemic loadc 0.51 0.41, 0.60 0.42 0.31, 0.52 0.64 0.53, 0.75 0.66 0.55, 0.77

Omega-3 fatty acids, gd 0.01 �0.09, 0.11 0.16 0.05, 0.27 0.41 0.27, 0.56 0.46 0.32, 0.60

Abbreviations: CI, confidence interval; DFE, dietary folate equivalents; ICC, intraclass correlation coefficient.
a Undocumented ICCs by nutrient were significantly different from the other group using Fisher’s z transformation (all P ’s < 0.05 except for

alcohol, vitamin C, beta-carotene, total grams, and lycopene (P ’s > 0.05)).
b Documented ICCs by nutrient were significantly different from the other group using Fisher’s z transformation (all P ’s < 0.01 except for

percentage of energy from alcohol, vitamin C, beta-carotene, total grams, and lycopene (P ’s > 0.05)).
c Glycemic load (14) was calculated using bread as the reference value.
d Omega-3 fatty acids consist of docosahexaenoic acid plus eicosapentaenoic acid.
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within-person day-to-day variability of nutrients among the
3 days of records; however, the ICCs for many nutrients
were higher among the women who received comprehensive
instruction than among those who did not.

In a previous assessment of food record quality among 68
healthy men and women in the VITAL Study (4), error rates
and measures of precision were largely similar to our re-
sults, particularly those for our comprehensive instruction
group. VITAL participants reported consuming an average
of 17.6 foods per day, of which 3% were missing portion
sizes and 8% were incompletely described, while in our
comprehensive instruction group, women reported consum-
ing 15.9 foods per day, of which 4% were missing portion
sizes and 6% were incompletely described. When compar-
ing mean nutrient intakes between the undocumented and
documented food records in the VITAL Study, the Pearson
correlation coefficients ranged from 0.87 to 1.00, while the
correlation coefficients were 0.84–0.99 in our comprehen-
sive instruction group. Overall, the ICCs comparing undoc-
umented and documented records in both studies were
similar.

We found that comprehensive instruction at entry into the
study markedly improved the quality of the follow-up un-
documented food record, and our protocol for delivering this
instruction focused on the study staff. The training of 11
field interviewers who conducted the baseline interview oc-
curred over a 2-month period during the summer of 2008.
Initially, all staff completed a 3-day food record based on
the written instructions in the food record booklet, and then
the completed booklets were mailed for data entry and re-
view by trained nutritionists. Written feedback was pro-
vided to staff on errors such as common omissions or the
need for clarification of portion sizes and recipes. A confer-
ence call was subsequently arranged between the field staff
and nutritionists to review samples of completed food rec-
ords of varying quality, provide additional feedback, and
answer any remaining questions. A new introductory script
for the food record was also discussed, finalized, and dis-
tributed for use. Field observations of all staff using the new
script were later conducted with appropriate feedback. A
possible reason as to why the quality of the food records
included in this analysis improved with additional instruc-
tion (i.e., the comprehensive instruction group) is that field
staff reviewed the food record in detail with the participant
at the beginning of the baseline interview, including helping
the participant to start recording her first day of intake, and
then reiterated the instructions again at the end of the in-
terview. Overall, training interviewers to deliver more com-
prehensive instructions to participants before they complete
the food record is more efficient than postinterview docu-
mentation, as well as feasible in studies with in-person par-
ticipant contact. While it was outside the scope of the
present study, a logical and informative next step would
be a cost analysis comparing the 2 methods.

There were several limitations to this study. As is true for
all cohort studies, participants in the Pathways Study and
this small validity study were a volunteer sample character-
ized by their willingness to complete an extensive question-
naire. The overall response rate in the cohort was
approximately 51% (5), yet selection bias was probably

minimal, because participation in a cohort study is generally
not jointly affected by exposure and future (unknown) dis-
ease, or in this context disease outcome. We also only
examined 2 sources of measurement error, eliminating in-
person instruction and postrecord review of completed food
records. Although it was beyond the scope of this study, we
did not address errors due to having only 3 days of food
records, behavior change due to record-keeping, or other
potential inaccuracies in recording food intake, as well as
possible differences in dietary patterns between documented
and undocumented records. Additionally, participants were
not randomly assigned to receive minimal or comprehensive
instruction. Instead, comprehensive instruction was insti-
tuted to improve data quality after evaluating the results
from the first group receiving little instruction, which re-
sulted in approximately a 2-year difference in data collec-
tion period between the groups. The recorded intake dates
for minimal and comprehensive instruction ranged from
January 2007 to July 2007 and from March 2009 to July
2009, respectively. Thus, the groups were not strictly com-
parable; however, they were similar in terms of demo-
graphic characteristics and seasonality of data collection,
and we have no reason to believe that the second group’s
better performance in keeping the food records was due to
reasons other than the comprehensive training. Finally, be-
cause of limited statistical power, we were unable to test
potential interactions such as those between participant
characteristics and level of training.

Notably, our results are not directly generalizable to stud-
ies using undocumented food records with more than 3 days
of records. We do not think that results would change sub-
stantially with additional recorded days up to 7 days, but we
have no data with which to address this possibility. In addi-
tion, our results can only be applied directly to diseased
female subjects recently enrolled in a cohort study.

Nonetheless, we have shown that food records can be
a reasonable and practical alternative for dietary assessment
in large cohort studies, such that epidemiologists need not
always rely on the more popularly used FFQ. Furthermore,
many scientists believe that FFQs are not generating suffi-
ciently accurate dietary data to support research hypotheses
(9–11), such as the association between dietary fat and
breast cancer risk (12, 13). In the Pathways Study, FFQ data
are also collected during the same longitudinal time points
as administration of the 3-day food record. We plan to con-
duct future analyses examining the role of dietary factors of
interest, such as fat, on breast cancer prognosis (and other
endpoints such as quality of life and comorbid conditions)
while comparing dietary assessments from FFQs with those
from food records. These analyses aim to provide further
insight into the current controversy surrounding use of FFQs
in epidemiologic studies.

In conclusion, with prior proper instruction, undocu-
mented 3-day food records are an acceptable approach to
collecting dietary intake data, even in diseased study pop-
ulations such as women recently diagnosed with breast can-
cer. This streamlined protocol is feasible and should be
considered for large epidemiologic cohort studies in which
higher-quality measurement of food intake is desired. Fur-
thermore, when food records are used in the context of
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nested case-control analyses such that completed records
can be stored for future analyses as needed, the quality of
research on diet and disease outcome could be substantially
improved.
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