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Abstract

Objective—Estimating dietary intake is challenging in patients with chronic diseases. The aim of
this study was to calibrate the Block Brief 2000 food frequency questionnaire (BFFQ) using 3-day
food diary records among patients on dialysis.

Methods—Data from 3-day food diary records from 146 patients new to dialysis were reviewed
and entered into National Cancer Institute self-administered 24-hour dietary recall (ASA24), a
web-based dietary interview system. The information was then re-entered omitting foods reported
in the diaries that were not in the BFFQ to generate a “BFFQ-restricted” set of intakes. We
modeled each major dietary component (i.e., energy [total calories], protein, carbohydrate, fat)
separately using linear regression. The main independent variables were BFFQ-restricted food
diary estimates computed as the average of the 3 days of diaries, restricted to items included in the
BFFQ, with the unrestricted 3-day food diary averages as dependent variables.

Results—The BFFQ-restricted diary energy estimate of 1,325 + 545 kcal was 87% of the energy
intake in the full food diary (1,510.3 £ 510.4, P <.0001). The BFFQ-restricted diary carbohydrate
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intake was 83% of the full food diary (156.7 = 78.7 g vs. 190.4 £ 72.7, P < .0001). The BFFQ-
restricted fat intake was 90% of the full-diary-reported fat intake (50.1 + 24.1 g vs. 56.4 + 21.6 g,
P <.0001). Daily protein intake assessments were not statistically different by BFFQ-restricted
diary and full diary assessment (63.1 + 28.5 vs. 64.1 + 21.4 g, P = .60). The associations between
BFFQ-restricted diary intake and unrestricted intake were linear. Three-day diary-reported intake
could be estimated from BFFQ-restricted intake with r2 ranging from 0.36 to 0.56 (P < .0001 for
energy [total calories], protein, carbohydrate, and fat). Final equations did not include adjustments
for age, sex, or race because the patterns of associations were not significantly different.

Conclusion—Energy and macronutrient estimates by BFFQ are lower than estimates from 3-day
food diaries, but simple calibration equations can be used to approximate total intake from BFFQ
responses.

Introduction

MALNUTRITION IS COMMON among patients with end-stage renal disease and is
associated with mortality and morbidity.1-3 Several methods for ascertaining dietary intake
have been used clinically and for research purposes.:24-6 The most common methods
include dietary recall, food diaries, and food frequency questionnaires (FFQs). Short-term
dietary recall is less subject to recall bias than FFQs. However, intake ascertained over short
periods of time (e.g., 24 hours) can be influenced by day-to-day variability in dietary intake,
which may be particularly important in the hemodialysis population because of differences
in intake on dialysis and nondialysis days.* Food diaries can cover a longer period than
recall interviews, mitigating the problem of day-to-day variation. However, dietary recall
and food diaries are time-consuming for nutritionists to administer and/or for patients to
complete.” FFQs were developed to capture usual or typical intake over even longer periods
of time and have been used extensively in research settings to explore associations between
nutrient intake and outcomes.8-

Full-length versions of the Block FFQ for adults have been available since the 1980s and
have been validated against diet records and recalls in numerous studies.10-20 The full-length
Block 2005 FFQ was designed to estimate usual and customary intake of a wide array of
nutrients and food groups using a food list and nutrient database developed from dietary
recall data provided in 2 waves of National Health and Nutrition Examination Survey data—
1999 to 2000 and 2001 to 2002. The full-length FFQ (110 food items) takes approximately
40 minutes to complete. A Brief FFQ (BFFQ), which contains a reduced food list of
approximately 70 items, was introduced to reduce the time required to collect nutritional
intake data. Research comparing an earlier 60-item FFQ with multiple diet records found
strong correlations for micro- and macronutrients, as well as similar point estimates of
intake for micronutrients, but differences of approximately 20% for point estimates of
energy and macronutrients,21:22

Because patients on dialysis are subject to dietary restriction and receive regular dietary
counseling by trained dietitians employed by dialysis facilities, their diet differs
systematically from that of a healthy population.23 Therefore, we believed it was important
to calibrate the BFFQ with respect to self-reported dietary intake in this population, aiming
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to develop equations to estimate energy, protein, carbohydrate, and fat intake that are based
on the subset of food items queried in the BFFQ.

Materials and Methods

Study Participants

We used nutritional data from a cohort of 146 incident dialysis patients seen from July 1996
to August 1997 at 26 dialysis units in Atlanta, GA. These participants were recruited into a
previous study on nutritional intake that included 3-day food diaries.24 The Institutional
Review Board at Emory University approved the study. All participants provided written
informed consent. Demographic information and medical history were obtained by patient
interview.

Nutritional Data

A study dietitian provided instructions to participants on completing 3-day food diaries, and
completed diaries were returned via mail. For the study presented here, the National Cancer
Institute self-administered 24-hour dietary recall (ASA24), a web-based dietary tool, was
used for data entry. The ASA24 was developed using the U.S. Department of Agriculture
(USDA)’s Automated Multiple Pass Method (AMPM) as a model. The AMPM is used in
the National Health and Nutrition Examination Survey. Developers used the USDA’s Food
and Nutrient Database for Dietary Studies and the MyPyramid Equivalents Database as well
as food portion photographs developed by Baylor College of Medicine as resources for
intake estimates.2> The USDA’s AMPM program has demonstrated moderate correlation to
4-day food records.26 No published validity or reliability data are currently available for the
ASA24,

Data from the 3-day food diaries completed by the cohort of 146 incident dialysis patients
were reviewed and entered into the ASA24 twice by study personnel. Diaries were excluded
if they contained unrealistically low intake, suggesting incomplete data (n = 8), or if intake
was unrealistically high, suggesting more than 3 days of intake reported. First, all data from
the food diary were entered, and estimates of mean daily total energy intake, as well as
protein, carbohydrate, and fat intakes, were generated. Next, the information was re-entered
excluding any foods and beverages reported in the diary that were not included in the BFFQ
(Appendix A, available online at http://dx.doi.org/10.1053/j.jrn.2013.12.004), creating a
second “BFFQ-restricted” set of mean intakes. The result was 2 sets of measurements for
each dietary intake component for each participant: 1 set based on the complete 3-day diary
and 1 set based on the subset of items on the 3-day diary that were included in the BFFQ.
Items from the food diaries that were not included in the BFFQ were tabulated.

Statistical Methods

Continuous data were summarized as mean and standard deviation for approximately
normally distributed variables (determined by QQ-plots) and as median and interquartile
range for non-normally distributed variables. For assessment of hemodialysis adequacy, the
3-treatment average urea reduction ratio for each individual was used to calculate the single-
pool Kt/V.27:28 Categorical variables were summarized using proportions.
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Dependent variables were mean energy, protein, carbohydrate, and fat intakes that were
based on the complete 3-day food diary. Full 3-day diary intake and BFFQ-restricted diary
intakes for energy, protein, carbohydrate, and fat were compared using paired t tests. We
used multiple linear regression to model each dependent variable with mean BFFQ-
restricted diary intake for each component as the main independent (predictor) variable. The
full models included the additional covariates of age, sex, race, diabetes, and all 2-way
interactions between each covariate and BFFQ-restricted intake. Variables were removed
from the full models in a backward stepwise fashion using a criterion of P less than .05 for
retention for primary variables and interaction terms. Residual plots were examined for
outliers. Analyses were performed using SAS version 9.2 (SAS Institute, Inc., Cary, NC).

Participant Characteristics

There were 154 participant 3-day food diaries available for analysis. Eight individuals had
incomplete diary data and were not included in the analysis. The median age of participants
was 58.7 (interquartile range 22.0-87.3) years (Table 1). Fifty-three percent of the
participants were male and 56% were White. The primary dialysis modality was
hemodialysis (66%) with a median time on dialysis of 61 (min-max, 28-161) days. Most
participants had a history of hypertension (80.3%), and 48% had diabetes mellitus. The
median body mass index (BMI) was 24.1 (min-max, 15.6-54.2) kg/m2.

Nutrition Components Assessed by BFFQ-Restricted and Full Diaries

Appendix B (available online at http://dx.doi.org/10.1053/j.jrn.2013.12.004) shows the
foods most frequently included in the 3-day food diaries that are not included in the BFFQ.
Of the items not included in the BFFQ, only coffee, tea, crackers, and diet soda were
reported by more than 20% of participants. Table 2 shows the mean estimated dietary
intakes of energy, protein, carbohydrate, and fat. Full diary intakes were normally
distributed; thus, diaries were not log-transformed before planned analysis. The BFFQ-
restricted estimates for energy, carbohydrate, and fat intakes, respectively, were 87%, 83%,
and 90% of the unrestricted estimates (P =.0001 for each comparison). Estimates of protein
intake were not statistically different by BFFQ-restricted and full diary assessment (63.1 £
28.5vs. 64.1 + 21.4 g, respectively, P =.60).

The average difference in intakes between the BFFQ-restricted diary intakes and the full 3-
day diary intakes were statistically significant with the exception of protein. The average
difference between the full 3-day diary and BFFQ-restricted diary intake for energy was
177.9 kcal (95% confidence interval [CI] 116.6-239.1 kcal), for carbohydrate it was 32.5 ¢
(95% CI 23.6-41.4 g), for fat it was 6.0 g (95% CI 3.0-9.0 g), and for protein it was 1.0 g
(95% CI1 -2.8 to 4.8 g). Although the BFFQ-restricted diary intakes underestimated intakes
derived from the full diaries, there was reasonable correlation between the 2 estimates.

Modeling of Full 3-Day Diary Intake on the Basis of BFFQ-Restricted Estimates

We included age, sex, race, and diabetes as covariates in each of the 4 models examining the
association of BFFQ-restricted intakes with unrestricted intakes. Although women had lower
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intake than men on average, sex was not significantly associated with full intake after
adjusting for BFFQ-estimated intake, and the r2 values of the models were not substantively
improved with addition of sex or any other covariate. Moreover, there were no significant
interactions between covariates and BFFQ-estimated intake, suggesting that in no instance
did age, sex, diabetes, or race materially modify the BFFQ-restricted intake—unrestricted
intake relation. Thus, the covariates were removed and models were simplified to an
intercept and the BFFQ-restricted component estimates. Table 3 shows the final equations
deriving complete 3-day diary intakes from the subset of foods included in the BFFQ on the
basis of the regression term estimates. Figure 1, A-D shows the predicted versus actual full
intake for energy, protein, carbohydrates, and fat. For each macronutrient, particularly
protein, there was a tendency for greater underestimation of intake at extremely high levels.

Discussion

We found that the BFFQ-restricted diaries captured approximately 87% of total energy, 83%
of carbohydrate intake, 98% of protein intake, and 90% of fat intake reported in 3-day
diaries. The BFFQ-restricted diaries underestimated intakes to a similar extent in younger
and older, male and female, and Black and White participants. We found that simple
equations can translate BFFQ-restricted intakes into estimates of complete 3-day food diary
intake with reasonable accuracy.

On the basis of our findings, the BFFQ may be a useful tool for estimating nutritional intake
among patients on dialysis. An FFQ for patients on dialysis has also been developed?? that
focuses on inclusion of most food items reported in the 3-day food diaries of a cohort of
dialysis patients from southern California. Indeed, the authors reported that the final Dialysis
FFQ included approximately 90% of the dietary intake reported by the developmental
cohort.20 It is encouraging that although the BFFQ is not tailored to patients with end-stage
renal disease, the foods and beverages included on the BFFQ accounted for 87% of energy
intake and 98% of protein intake in our cohort. Compared with the Dialysis FFQ, the BFFQ
lacks specific information on dietary supplements commonly used among patients on
dialysis. However, a potential advantage of using a generic instrument such as the BFFQ is,
for example, the ability to compare intake across populations, comparing patients on dialysis
to persons with normal kidney function or with mild to moderate chronic kidney disease.

The fact that the means of the protein estimates are similar, yet the correlation for protein is
relatively low, could be explained by the large standard deviation, which suggests a higher
variability in protein estimates. In this situation, estimates would be affected by the removal
of a protein source or sources that were important for only a few individuals, which could
alter the variability without changing the overall mean. Examination of the missing items
supports this possibility. The most frequent items “missed” by the BFFQ were not major
sources of protein (Appendix B, available online at http://dx.doi.org/10.1053/j.jrn.
2013.12.004). However, there were some high-protein items reported by only a few
individuals, such as cottage cheese, which was reported by 7 individuals (4.8%), and several
unusual meat items such as venison, which was reported by even fewer participants.
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Our study has some important limitations. First, because this study was based on the dietary
intake of patients from a single region, some variability in intake estimates from other
geographic locations can be expected. Validation of the BFFQ against 3-day diary records in
a new cohort will be necessary to determine whether the promising results we obtained can
be replicated. Second, 3-day diary records were used as the gold standard to calibrate the
BFFQ, and it is entirely possible that some foods that are part of patients’ usual intake over a
longer period of time were not consumed over the 3-day study period. Nevertheless, 3-day
diaries were also used as the basis of development of the Dialysis FFQ,20 and subsequent
validation in a new cohort should also address this possibility. Furthermore, estimates
produced using the equations we have developed should serve to rank individuals against
others within a population.

The BFFQ was administered to participants in the nutrition substudy of the Comprehensive
Dialysis Study, which also includes serial measurements of laboratory markers of nutritional
status and inflammation.2® The results we have generated in this calibration study suggest
that the BFFQ provides an efficient tool for examining relations among dietary intake,
inflammatory markers, and clinical outcomes in the Comprehensive Dialysis Study with
calibration. Our findings indicate that the BFFQ, in conjunction with simple calibration
equations, can be used to approximate total intake from 3-day food intake diaries in patients
receiving dialysis.

Practical Application

Accurately estimating dietary intake—whether with 3-day food diary records, 24-hour
recall, or FFQs—is particularly challenging in patients with chronic diseases. Energy and
macronutrient estimates by BFFQ are lower than estimates from 3-day food diaries, but
simple calibration equations can be used to approximate total intake from BFFQ responses
that are more time-efficient to obtain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

(A?) Predicted kilocalories from 3-day diary BFFQ-restricted vs. full 3-day diary. Actual
kilocalories from full 3-day diary line Y = X is superimposed for reference. (B) Predicted
protein from 3-day diary BFFQ-restricted vs. full 3-day diary. Actual protein from full 3-day
diary line Y = X is superimposed for reference. (C) Predicted carbohydrate from 3-day diary
BFFQ-restricted vs. full 3-day diary. Actual carbohydrate from full 3-day diary line Y = X is
superimposed for reference. (D) Predicted fat from 3-day diary BFFQ-restricted vs. full 3-
day diary. Actual fat from full 3-day diary line Y = X is superimposed for reference.
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Participant Characteristics

N 146
Male 77 (52.7%)
Age, y 58.1 (46, 68)
African American 64 (43.8%)
Hispanic 3(2%)
Dialysis vintage, d 61 (51, 73)
Dialysis modality

Hemodialysis 97 (66%)

Peritoneal dialysis 49 (34%)
Peritoneal dialysis Kt/V 23+0.6
Hemodialysis Kt/\V/ 1.37+03
Dry weight (kg) 72.7 (60, 82)

Body mass index, kg/m?2

Clinical characteristics
Diabetes mellitus
Coronary artery disease
Congestive heart failure
Hypertension

Laboratory parameters

Albumin (mg/dL) (n=133)

Hematocrit (mg/dL)

24.1(21.6, 28.6)

70 (48%)
17 (11.6%)
40 (27.4%)
119 (81.5%)

35+05
33.2+49
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Median (25th, 75th percentile) reported for age, dialysis vintage, dry weight, and body mass index.
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Table 2
Components of Nutrition
Intake Full 3-d Diary Average BFFQ-Restricted Diary Average Difference (95% CI) P
Energy, kcal 1,510.3 (510.4) 1,325.0 (545.1) 177.9 (116.6-239.1)  <.0001
Protein, g 64.1 (21.3) 63.1 (28.5) 1.0 (-2.8t0 4.8) .60
Fat, g 56.4 (21.6) 50.1 (24.1) 6.0 (3.0-9.0) <.0001
Carbohydrate, g 190.4 (72.7) 156.8 (78.2) 32.5(23.6-41.4) <.0001

BFFQ, Brief Food Frequency Questionnaire; Cl, confidence interval.
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Final BFFQ-Restricted Calibrated Equations

Full Nutrition BFFQ Equationsfor Estimating

Components 3-d Diary Average

kcal 108.26 + 0.81(BFFQ kcal)
Protein 11.37 + 0.81(BFFQ protein)
Carbohydrate 4.05 + 0.81(BFFQ carbohydrate)
Fat 6.40 + 0.78(BFFQ fat)

BFFQ, Brief Food Frequency Questionnaire.
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