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Abstract: Limited instruments are available to determine diet quality among US adults with chronic
kidney disease (CKD). The purpose of this study was two-fold: (1) to develop a food frequency
questionnaire, CKD SFFQ, for adults with CKD and (2) to validate the CKD SFFQ against two 24-h
recalls in determining diet quality (DQ). A 57-item CKD SFFQ was developed through a content
validation method. Adults with CKD (n = 46) completed the CKD SFFQ and 2–24-h recalls. Statistical
analyses included descriptive statistics, frequencies, t-tests, Pearson correlations, and Bland–Altman
plots. All data were analyzed using JMP SAS v15 with statistical significance detected at p < 0.05.
Results showed no differences for the overall DQ (p = 0.11) and the nine whole-food components
(p = 0.07 to p = 0.44) when comparing the CKD SFFQ to the 2–24-h recalls. Pearson correlation
coefficients ranged from −0.39 (refined grains) to 0.60 (greens and beans). Bland–Altman plots
showed overall good agreement and there was a systematic trend towards higher estimates with
the CKD SFFQ, particularly for overall DQ, total proteins, and dairy. The majority of participants
rarely or never consumed grains, fruits, vegetables, seafood, and plant proteins. The CKD SFFQ was
demonstrated to be an acceptable method to determine DQ for adults with CKD.

Keywords: chronic kidney disease; food frequency questionnaire; diet quality

1. Introduction

Chronic kidney disease (CKD) is a slow, progressive disease that affects more than
an estimated 37 million or 15% of adults within the United States [1]. CKD has five main
stages, which progress at different rates, with the final stage being complete renal failure
and the individual is then dependent on dialysis. This progression is dependent upon
many factors such as low-grade inflammation, oxidative stress, proteinuria, hypertension,
and elevated blood glucose [2–4] with the leading contributor being poor diet quality
(e.g., high in sodium/saturated fats and processed meats and low consumption of fruits,
vegetables, and whole grains) [5–8].

Diet quality (DQ) is believed to be an influencer in the development and progression
of chronic diseases [9]. DQ is a broad concept that refers to how closely a person adheres to
dietary guidelines [10]. Essentially, the higher the DQ, the more compliant an adult is in
adhering to these guidelines [11]. For those who have CKD, DQ is generally low due to
the restrictive nature of the diet that may limit the consumption of fruits, vegetables, and
whole grains [11–13]. Furthermore, as the disease progresses and reaches the later stages
(3–5), protein is restricted to preserve kidney function [12,14,15]. For instance, the protein
recommendations for adults in CKD stages 3–5 are 0.28–0.43 g/kg body weight daily
with ketoanalogues or 0.55–0.60 g/kg body weight daily without ketoanalogues [14,16].
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Considering that a low protein intake may lead to protein-energy malnutrition and cardiac-
related death [6,17–19], dietary recommendations are for one to consume high-quality
protein (e.g., eggs, chicken, red meat). This may lower DQ as, depending on how these
foods are prepared, they may be high in saturated fats and sodium [12,20,21].

A method to assess DQ is the Healthy-Eating Index 2015 (HEI-2015). The HEI-2015 is
a valid tool that uses a scoring system to determine how closely a dietary pattern adheres
to the Dietary Guidelines for Americans 2015–2020 [22]. This has been used to evaluate
prospective and cross-sectional correlations between DQ and health outcomes such as risk
of CVD mortality [23]. In order to determine DQ based on the HEI-2015 scoring system,
dietary intake information needs to be collected [24].

The kidney health professional community uses various methods to monitor an
adult’s dietary intake such as 24-h recalls, diet histories, and food frequency questionnaires
(FFQ) to provide tailored dietary recommendations [25]. For at least the 24-h recalls and
diet histories, these methods may be quite labor intensive and lead to an adult over or
underreporting food/beverage intake [26–28]. Positively, though, 24-h recalls can provide
more accurate estimations of the energy and nutrient intakes to aid in determining the
overall DQ for an individual compared to diet histories [29]. In epidemiological and
cohort studies, the method generally used to collect dietary intake due to its practicability,
affordability and ease of administration is the FFQ [26,27]. A FFQ collects information
about the types, quantities and frequency of foods and/or beverages consumed over a
predetermined set of time [28]. Even though in large scale studies FFQs are preferred,
they are limited by the potential amount of bias and the inability to accurately estimate
energy and nutrients consumed to further determine overall DQ. Current studies, though,
have been able to determine DQ with FFQ that are similar to DQ derived from 24-h
recalls [29–32]. These studies use various techniques to establish detection of DQ through
FFQ such as 7-days of 24-h recalls and 2-FFQs at different time points [30], three 24-h
recalls and one FFQ within a three-week period [29], two 24-h recalls and one FFQ [31], or
3–4 days of 24-h recalls and one FFQ [32]. Even though it is recommended that three or four
24-h recalls and one FFQ is necessary for validation of accurate energy and nutrient intake,
compliance is often difficult, thus collecting two 24-h recalls and one FFQ in a relatively
short time is feasible and may also produce valid measurements [28]. The target audience
to validate FFQ to determine DQ has only been on healthy populations with limited focus
on chronic disease populations. Therefore, this study is focused on developing a short FFQ
that can detect DQ among the CKD population. The purpose of this study was two-fold:
(1) to develop a FFQ, CKD SFFQ, for adults with CKD and (2) to validate the CKD SFFQ
against two 24-h recalls in determining DQ.

2. Materials and Methods

The Chronic Kidney Disease Short Food Frequency Questionnaire (CKD SFFQ) was
developed and validated at a Southwestern University. The development and validation
followed a two-stage process (Figure 1). Stage one involved the development of the food
and beverage items and content matter experts reviewed for content and face validity. In
stage two, a criterion validation process was used to determine if the CKD SFFQ measured
DQ similar to 2–24-h recalls based on the Healthy Eating Index (HEI)-2015. This study was
reviewed and approved by the Institutional Review Board at the University of Florida.

2.1. Stage 1: Development of the CKD SFFQ

For the development of this questionnaire, it was based on Affrett and colleagues’
short FFQ [33]. Briefly, the FFQ by Affrett and colleagues was developed to determine
dietary intake of the French CKD population and included 49 food and beverage items
commonly consumed in France. The instrument had frequency of consuming these items
for the past year (never or less than once a month, x times a day, x times a week or x times
a month) and portion sizes per food group. For the initial CKD SFFQ, a total of 46 items—
38 food items and 8 beverages with serving sizes based on measurements of hand/fingers
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and cups—were included. Frequency of consuming these foods/beverages was based
on the past 30 days to minimize recall bias [16] and based on five categories—daily,
3–5 portions per week, 1–2 portions per week, rarely, or never, which is consistent with
other FFQs [34–37].
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Design and Participants

For the CKD SFFQ, content matter experts (CMEs) (n = 8) reviewed the instrument for
content and face validity. The content matter experts were registered dietitian nutritionists
who worked in the renal field or general clinical field, had 5–15 years of practice, and
had assisted in the development of questionnaires in the past. On a scale from 1 (not at
all) to 4 (completely), CMEs rated each statement for clarity, relevance, and ambiguity.
Additionally, CMEs provided strengths, weaknesses, and suggestions to enhance each
statement. Considering that the rater agreement was high, no additional raters were
identified to validate the content of the instrument [38]. CMEs provided suggestions to
revise the wording of serving size to portion size and include measurements in ounces,
cups, tablespoons, or teaspoons and split food items into different cooking methods, i.e.,
fried or baked, and added more specific items directed towards an adult who has CKD (e.g.,
mashed potatoes and roasted baked potatoes). Thus, the total of items included on this
questionnaire was 57 items—48 foods and 9 beverages. Supplemental Table S1 summarizes
the CKD SFFQ.

2.2. Stage 2: Criterion Validation Process

A criterion validation process was used to determine if the CKD SFFQ (57-items)
was able to accurately identify participants’ DQ similar to 2–24-h recalls. A priori power
analysis [39] was used to estimate the sample size based on the correlation between DQ
scores of the CKD SFFQ and 2–24-h recalls using a large effect size of 0.05, an alpha of
0.05, and a power of 95%. A total sample size of 36 participants would be adequate for
determining this correlation. Participant recruitment occurred between February 2020–
July 2021 with 71 participants initially interested in the study. Sixty-one participants met
the inclusion criteria and consented to participate with 46 participants (86.8%) included in
the analysis (Figure 2).



Nutrients 2021, 13, 3610 4 of 14

Nutrients 2021, 13, x FOR PEER REVIEW 4 of 14 
 

 

a power of 95%. A total sample size of 36 participants would be adequate for determining 

this correlation. Participant recruitment occurred between February 2020–July 2021 with 

71 participants initially interested in the study. Sixty-one participants met the inclusion 

criteria and consented to participate with 46 participants (86.8%) included in the analysis 

(Figure 2). 

 

Figure 2. Participation for the CKD SFFQ. 

Participants were recruited using convenience sampling methods through social me-

dia platforms and emails with the headline “Seeking Adults with Kidney Disease for a 

Pilot Study”. Additionally, participants were recruited at a Southwestern kidney clinic 

and through ResearchMatch, a national health volunteer registry that was created by sev-

eral academic institutions and supported by the US National Institutes of Health as part 

of the Clinical Translational Science Award (CTSA) program. ResearchMatch has a large 

population of volunteers who have consented to be contacted by researchers for studies 

that they may be eligible for. Adults were eligible to participate if they were residing 

within the United States, at least 18 years of age or older, not pregnant or lactating, and 

had been diagnosed with CKD. Individuals were excluded if they did not meet the above 

criteria. 

Participants who were eligible and consented completed the final version of the CKD 

SFFQ in Qualtrics (Seattle, WA, USA), an online survey platform. Beyond the CKD SFFQ 

items, the participants responded to demographic questions (n = 7). These demographic 

questions included sex, age, race/ethnicity, stage of CKD, stage at diagnosis, when diag-

nosed, and additional health conditions. Before exiting the CKD SFFQ, participants pro-

vided their email addresses so that a link to the Automated Self-Administered 24-h Die-

tary Recall tool (ASA24-2018) with a username and password could be sent to them. The 

ASA24 is a computerized method to estimate average total energy, macronutrients, mi-

cronutrients, and dietary supplement intakes through providing images of foods and bev-

erages for participants to better estimate their portion sizes over a 24-h period [40]. For 

participants who had limited computer literacy skills, they could complete the 24-h recall 

via phone call or through a written template. This template included: type of food/bever-

age consumed, serving size, time consumed, and where they consumed the food. One 

participant elected to complete the 24-h recall via the telephone with a trained researcher 

(J.M.A.) who is a registered dietitian nutrition and has experience in collecting these data. 

Participants (n = 25) elected to complete the 24-h recall written template. The researchers 

(J.M.A. and M.C.F.) reviewed information provided by the participants through the 24-h 

recall written templates and if further information was needed (e.g., portion sizes or in-

gredients in the food listed), the researchers would email the participant and ask them 

 

 

 

 

 

  

Excluded (n = 9) 

 

Not a US resident 

Not at least 18 years of age 

Not diagnosed with chronic kidney 

disease 
 

 

Consented (n = 70) 

Completed survey and provided email (n = 61) 

Did not complete any 24-hour diet recall (n = 10) 

Completed only 1 24-hour recall (n = 5) 

Completed 2 24-hour recalls (n = 46) 

Figure 2. Participation for the CKD SFFQ.

Participants were recruited using convenience sampling methods through social
media platforms and emails with the headline “Seeking Adults with Kidney Disease for a
Pilot Study”. Additionally, participants were recruited at a Southwestern kidney clinic and
through ResearchMatch, a national health volunteer registry that was created by several
academic institutions and supported by the US National Institutes of Health as part of
the Clinical Translational Science Award (CTSA) program. ResearchMatch has a large
population of volunteers who have consented to be contacted by researchers for studies
that they may be eligible for. Adults were eligible to participate if they were residing within
the United States, at least 18 years of age or older, not pregnant or lactating, and had been
diagnosed with CKD. Individuals were excluded if they did not meet the above criteria.

Participants who were eligible and consented completed the final version of the CKD
SFFQ in Qualtrics (Seattle, WA, USA), an online survey platform. Beyond the CKD SFFQ
items, the participants responded to demographic questions (n = 7). These demographic
questions included sex, age, race/ethnicity, stage of CKD, stage at diagnosis, when diag-
nosed, and additional health conditions. Before exiting the CKD SFFQ, participants pro-
vided their email addresses so that a link to the Automated Self-Administered 24-h Dietary
Recall tool (ASA24-2018) with a username and password could be sent to them. The ASA24
is a computerized method to estimate average total energy, macronutrients, micronutrients,
and dietary supplement intakes through providing images of foods and beverages for
participants to better estimate their portion sizes over a 24-h period [40]. For participants
who had limited computer literacy skills, they could complete the 24-h recall via phone call
or through a written template. This template included: type of food/beverage consumed,
serving size, time consumed, and where they consumed the food. One participant elected
to complete the 24-h recall via the telephone with a trained researcher (J.M.A.) who is
a registered dietitian nutrition and has experience in collecting these data. Participants
(n = 25) elected to complete the 24-h recall written template. The researchers (J.M.A. and
M.C.F.) reviewed information provided by the participants through the 24-h recall written
templates and if further information was needed (e.g., portion sizes or ingredients in
the food listed), the researchers would email the participant and ask them these specific
questions. Based on the length to complete the 24-h recalls, two participants dropped out
from the study and one indicated difficulty with using the ASA24 program and declined
to provide information via phone or the written template. Two researchers (A.B.Z. and
M.C.F.) entered the information from the phone interview and the paper-based templates
into the ASA24-2018 database. Two weeks after the completion of the first 24-h recall,
participants were reminded to complete a second 24-h recall. Participants received $10 for
completing the CKD SFFQ and $10 for completion of each 24-h recall, for a total potential
compensation of $30.
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2.3. Diet Quality (DQ) Analysis
2.3.1. HEI-2015 Scores

The HEI-2015 was used to determine the individual DQ from the ASA24 for each
recorded day. Data from the ASA24 were converted to HEI-2015 scores via JMP SAS
v15, using the simple HEI-2015 scoring algorithm method. The HEI-2015 is a valid tool
that measures 13 dietary components: total fruits (juices, canned), whole fruits, total
vegetables (canned, fresh), greens and beans, whole grains, refined grains, dairy, total
protein foods, seafood and plant proteins, sodium, added sugars, fatty acids, and saturated
fats compared to the 2015–2020 Dietary Guidelines for Americans [41–43]. For at least
the food groups, component scores range from 0 to 5 or 0 to 10 and are expressed per
1000 kcal. The specific nutrient scores such as fatty acids are expressed as a ratio of
polyunsaturated + monounsaturated fats/saturated fats and added sugars and saturated
fats as percentage of energy. For the purposes of this validation process, the scoring from
the specific nutrients—added sugars, fatty acids, and sodium—were excluded as the CKD
SFFQ focused on whole food consumption as opposed to specific nutrients consumed.
Thus, the HEI-2015 ranged from a score of 0–60 as opposed to 0–100. The higher the score,
the higher the DQ for a specific component based on the 2015–2020 Dietary Guidelines for
Americans [41,44].

2.3.2. CKD SFFQ

The CKD SFFQ was developed to estimate the DQ among whole food components as
opposed to specific nutrients—added sugars, fatty acids, and sodium. To align with the
HEI-2015, food/beverage items from the CKD SFFQ were categorized into 9 main food
components—total fruits (juices, canned, dried), whole fruits, total vegetables (canned,
fresh), greens and beans, whole grains, refined grains, dairy, total protein foods, and
seafood and plant proteins. The scoring of the CKD SFFQ followed the approach of other
FFQ scoring systems [32,45]. Food components that were considered high in sodium
(>20% of daily value in a serving size) [46], added sugars (>20% of daily value in a serving
size) [47], saturated fat (>20% of daily value in a serving size) [48], and/or low in fiber
(<5% of daily value in a serving size) [49], received a score of 0 if they were consumed daily
or 3–5 portions/week, a score of 1 if these items were consumed 1–2 portions/week, and
dependent on the food item, a score of 1 or 1.5 for consumed rarely or score of 1 or 2 for
consumed never. Food components that were low in sodium, added sugars, saturated fat,
and/or high in fiber, dependent on the food item, received a score of 2.5, 2, or 1 if they
were consumed daily or score of 2, 1.5 or 1 if consumed 3–5 portions/week or a score of 1
if these items were consumed 1–2 portions/week, or a score of 0 for consumed rarely or
never. The points were summed up to calculate an overall DQ score that ranged from 0–60
with a higher score reflecting a higher DQ.

2.4. Statistical Analysis

Descriptive statistics were used to describe demographics and dietary habits among
participants using frequencies for categorical variables and means and standard deviations
for continuous variables. Two sample t-test assuming equal variances was conducted to
detect differences in overall DQ and whole food component scores with the CKD SFFQ and
the two 24-h recalls overall and between the two sexes. Pearson’s correlation coefficient
analyses and Bland–Altman plots were also performed. The degree of agreement between
the CKD-FFQ and the 2–24 h recalls for an individual was assessed by computing the
mean ± 2SD (i.e., 95% CI) of the difference. For Pearson’s correlation coefficient, good
agreement was ≥0.50, acceptable from 0.20 to 0.49, and poor <0.20 [50,51]. For the Bland–
Altman plot outcomes, a good agreement was determined when the difference between
the two methods was about one standard deviation of the average DQ scores from the
CKD SFFQ and 2–24-h recalls; for fairly good agreement, the difference between the two
methods is about two standard deviations; and for poor agreement, the difference between
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the two methods is three standard deviations [52]. All data were analyzed using JMP SAS
v15 with statistical significance detected at a p < 0.05.

3. Results
3.1. Study Participants

Of the 46 participants, the majority were female (69.6%), 70 years of age or older
(34.8%), and identified as white/non-Hispanic (80.4%). Participants indicated they were at
stage 3 of CKD (70.0%) and the majority were diagnosed more than 5 years ago (65.2%).
Furthermore, participants had indicated 4 or more conditions aside from CKD (45.7%) and
none were receiving dialysis (Table 1).

Table 1. CKD SFFQ Participants/Demographics (n = 46).

Variables No. of Responses (%)

Sex
Male 14 (30.4%)

Female 32 (69.6%)

Race/Ethnicity
African American 8 (17.4%)

Asian 1 (2.2 %)
Caucasian 37 (80.4%)

Age
18–24 years old 0
25–29 years old 1 (2.2%)
30–49 years old 13 (28.3%)
50–59 years old 8 (17.4%)
60–69 years old 8 (17.4%)
70+ years old 16 (34.7%)

Length of time with CKD
<6 months ago 0
1–2 years ago 7 (15.2%)
3–4 years ago 9 (19.6%)
>5 years ago 30 (65.2%)

Initial stage of CKD
1 6 (13.0%)
2 8 (17.4%)
3 21 (45.7%)
4 6 (13.0%)
5 1 (2.1%)

Don’t know 4 (8.8%)

Conditions
Cancer 5 (10.9%)

Depression 17 (37.0%)
Diabetes 15 (32.6%)

Diverticulosis/Diverticulitis 6 (13.0%)
Gastric reflux 18 (39.1%)

Heart disease (includes high blood pressure,
heart attack, artery disease, stroke, angina) 31 (67.4%)

Irritable Bowels 9 (19.6%)
Liver disease 5 (10.9%)
Lung disease 8 (17.4%)

Nausea/Vomiting 9 (19.6%)
Other 28 (60.9%)

Unknown 1 (2.2%)
1 condition 3 (6.5%)
2 conditions 10 (21.7%)
3 conditions 10 (21.7%)

4 or more conditions 21 (45.7%)
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3.2. Dietary Intake

Two-sample t-tests assuming equal variances showed no differences for the overall
DQ (p = 0.11) and the nine whole-food components (p = 0.07 to p = 0.44) when comparing
the CKD SFFQ to the 2–24-h recalls (Table 2). Comparing sexes, there was a statistical
difference in females and males with their overall DQ scores t(21) = −2.31, p = 0.02 with
females (M = 42.83, SD = 6.73) having higher DQ scores than males (M = 37.07, SD = 8.15).

Table 2. t-test: Two sample assuming equal variances (n = 46).

Item HEI-2015 CKD SFFQ t-Test

Mean Standard Deviation Mean Standard Deviation

Overall Diet Quality 37.89 62.15 41.08 57.54 0.11
Total Vegetables 3.20 8.57 3.83 1.66 0.09

Greens and Beans 0.76 2.44 0.72 0.74 0.44
Total Fruit 2.36 4.54 2.62 0.50 0.22

Whole Fruit 1.99 4.25 1.62 0.30 0.12
Dairy 3.04 6.20 3.68 2.04 0.07

Total Protein 11.76 56.89 13.48 10.09 0.08
Seafood and Plant Proteins 3.70 12.32 3.05 2.35 0.13

Refined Grains 9.65 25.60 10.71 7.24 0.11
Whole Grains 1.57 2.13 1.37 1.24 0.23

On average, Pearson’s correlation coefficients (Table 3) in the present study were low,
satisfactory correlation coefficients (>0.3) were observed for the estimates of four food
groups (44% of the tested food groups): greens and beans, dairy, seafood and plant proteins,
and refined grains.

Table 3. Pearson rank correlation coefficients between diet quality assessed by CKD SFFQ and diet
quality assessed by mean of 2–24 h recalls.

Components r (CI 95%) * p-Value **

Overall Diet Quality 0.21 (−0.08–0.46) 0.16
Total Vegetables 0.18 (−0.12–0.44) 0.24

Greens and Beans 0.60 (0.37–0.76) <0.001 **
Total Fruit 0.23 (−0.12–0.43) 0.17

Whole Fruit 0.21 (−0.15–0.41) 0.16
Dairy 0.41 (0.03–0.55) 0.01 **

Total Protein −0.02 (−0.30–0.27) 0.91
Seafood and Plant Proteins 0.29 (0.01–0.53) 0.04 **

Refined Grains −0.52 (−0.52–0.02) <0.001 **
Whole Grains 0.25 (−0.08–0.46) 0.14

Note. * CI = Confidence interval; ** p < 0.05.

When considering if the methods agreed for individuals, the differences in DQ scores
between the CKD SFFQ and the 2–24-h recalls were plotted against the mean DQ scores
of the two methods for overall DQ scores and the nine whole food component scores
(Supplemental Figure S1). The points are scattered above and below zero in most plots,
particularly for total proteins, dairy, and refined and whole grains suggesting that there
was no consistent bias of one method compared to the other. For overall DQ, there was
some bias towards a positive difference, with a mean difference of 3.2, suggesting that the
CKD SFFQ provides higher overall DQ scores compared with the 2–24-h recalls. Similar
results were observed for dairy and total proteins. Additionally, there was a trend of
decreasing accuracy with increasing overall DQ scores. Furthermore, there was good
agreement between seven whole-food components and fair agreement between methods
for overall DQ scores, total proteins and refined grains.

According to the CKD SFFQ, over the past 30 days, the majority of participants rarely
or never consumed refined grains (60%), whole grains (59.6%), fruits (54%), vegetables
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(62.4%), total protein (61.2%), seafood and plant proteins (65.7%), and dairy (60.7%). One
to two times per week, participants consumed refined grains (26.7%), total protein (25.6%),
vegetables (23.5%), and dairy (21.1%). Few participants consumed refined grains (3.1%),
whole grains (1.5%), fruits (13.1%), vegetables (5.6%), total protein (3.7%), seafood and plant
proteins (2.8%), and dairy (6.7%) daily. These results are visually displayed in Figure 3.
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Even though beverages were not part of the DQ score, participants consumed coffee
(43.5%), freshly brewed tea and herb teas (22.2%), and water (91.3%) daily. Participants
rarely or never consumed canned/bottled tea or herb teas (86.7%), sweetened beverages
(80.4%), artificially sweetened beverages (62.2%), wine (87%), beer (82.6%), or other alco-
holic beverages (84.4%).

4. Discussion

The study focused on development and relative validity of a short food frequency
questionnaire tailored for individuals with chronic kidney disease, CKD SFFQ. The overall
results indicated relative validity when comparing the CKD SFFQ to the 2–24-h recalls. The
comparison of the CKD SFFQ to the 2–24-h recalls indicates that this tool can adequately
provide information for some individual food group consumption amounts (grains, fruits,
vegetables, dairy, and protein) and a total DQ score that is similar to other well-developed
and validated instruments/approaches. The CKD SFFQ may be an acceptable method
to determine DQ on whole-food groups for adults with CKD, which could be used in
association with health outcomes and in determining dietary patterns. However, larger
scale studies need to be performed.

In this study, the overall mean DQ from the CKD SFFQ was 41.08 compared to the
overall mean of 37.89 from the 2–24-h recalls. As the CKD SFFQ is focused on whole
food consumption as opposed to determination of added sugars, sodium, and fatty acids,
these scores indicated that adults with CKD “needs improvement” in their dietary habits.
Further analysis demonstrated that there was a difference between female and male overall
DQ scores with females having slightly higher mean scores, 42.8, compared to males,
37.1. This may be due to females consuming more seafood and plant proteins, less total
proteins, and less refined grains compared to males. However, caution needs to be applied
when interpreting these results due to more females having participated in this study
compared to males. Further focus needs to be on validating this tool among sexes and other
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demographics that may have contributed to these results. Overall, results from the CKD
SFFQ DQ showed similarity with another study, in which adults with CKD had low DQ,
which indicated that they needed improvements in their dietary habits [11]. Fernandes and
colleagues collected 3–24-h recalls from Brazilian adults (n = 100) with advanced stages of
CKD (3–4) to determine DQ. Median DQ scores were 68.6, which included nutrients such
as sodium, fatty acids, and cholesterol. Furthermore, participants had poor diet variety
and had the lowest scores (consumed less) in dairy and vegetables, whereas meat/eggs
and legumes had the highest scores (consumed more). Considering that the study was
conducted in Brazil, where legumes are part of the diet, this may explain why among
adults with CKD, legume consumption is high compared to participants in this study.

Limited significant correlations were identified with the CKD SFFQ and the
2–24-h recalls with ranges from −0.52 (refined grains) to 0.60 (greens and beans). Four
whole-food components, greens and beans, dairy, seafood and plant proteins, and refined
grains, had correlations above 0.3 with the remaining having correlations less than 0.3. The
lowest correlation was total proteins at −0.02. This may be related to the large variation
between what participants reported on the CKD SFFQ (e.g., rarely/never consumed fried
chicken) to the 2–24-h recalls (e.g., consumed fried chicken). As the CKD SFFQ provides
a semi-quantitative analysis of dietary intake, it is difficult to measure exact quantities of
foods/beverages consumed, thus limiting the ability to provide a more accurate score for
the frequency of food/beverage consumed. Instead, this tool provides insight to the types
of foods/beverages adults with CKD are consuming on a monthly basis for a more tailored
approach to providing nutrition recommendations compared to basing recommendations
off 2–24-h recalls.

The Bland–Altman plots showed that the mean difference between the methods
for the whole-food component scores, particularly for dairy and total proteins, was pos-
itive, suggesting an overestimation of consumption patterns of the CKD SFFQ to the
2–24-h recalls. The higher mean difference in overall DQ scores, 3.2, from the CKD SFFQ
was driven mainly by higher estimation of dairy, total proteins, and refined grain scores.
This was further confirmed by the weak correlation between the two methods. However,
the agreement between the whole food components was good and a fair agreement between
the CKD SFFQ and 2–24-h recall overall DQ scores, total proteins, and refined grains.

In this study, 2–24-h recalls were used to determine relative validity among the
CKD SFFQ with the HEI-2015 DQ scores. Studies have argued the use of using multiple,
3 or more, 24-h recalls for a more approximate association with dietary intake [53–55].
Furthermore, KDOQI guidelines recommend that, for adults with CKD, 3–24-h recalls are
sufficient to obtain dietary information [14]. However, recent literature demonstrates that
2–24-h recalls are sufficient to gather dietary intake and reduces burden and dropout among
participants [28,56]. Moreover, adults with advanced stages of CKD (3–5) have minimal
variability in their diets due to taste aversion [57] or avoiding certain foods/beverages
due to nutrient content (e.g., potassium, phosphorus), thus minimal 24-h recalls may be
necessary for this population.

From the results of the CKD SFFQ, participants were infrequently consuming whole
grains, fruits, vegetables, and plant proteins. Considering that participants (80.41%) were
in advanced stages of CKD (3–5), restricting consumption of foods that recommended to
prevent further deterioration of kidney status may have been the rationale for avoiding
these foods/beverages. Participants (>60%) consumed soft and hard cheeses (1–2 times
weekly or more), which, dependent on the serving size and portion, would be lower in
phosphorus content compared to milk and yogurt. As information was not collected about
if a participant was adhering to a kidney diet or restricting foods based on information
obtained from sources, it is difficult to discern the reason participants avoided certain
foods/beverages over others. Furthermore, as this tool was established to provide a quick
assessment of DQ, the exact nutrient composition of foods/beverages consumed over the
past 30 days was not obtained. Thus, it is difficult to know if the rarely/never consumption
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of these foods/beverages aligned with the KDOQI guidelines. Further modifications of
this tool can be done to better estimate the nutrients consumed over the past month.

When focusing on the types of proteins consumed, participants rarely/never con-
sumed plant and/or seafood and instead consumed eggs, baked/grilled chicken and
red meat, and homemade protein combination foods (e.g., sandwiches, casseroles) more
frequently (3–5 times weekly or daily). Almost half of the participants (40.6%) consumed
sausages and other processed meats frequently. Traditionally, protein recommendations for
adults with CKD are to consume high quality proteins (e.g., eggs, red meat, chicken) [14,16].
Current studies have indicated that consuming processed and red meats on a frequent
basis, at least 2 servings daily, may rapidly progress kidney disease due to the increase in
inflammation markers [12,58–60], whereas frequent consumption of chicken, eggs, dairy,
and fish did not demonstrate progression of this disease [21,59]. Furthermore, recent
evidence shows that plant proteins reduce inflammation and slow the progression of this
disease [58,61–63], even though they contain more phosphorus per serving than meat.
Depending on the type of information these participants have been exposed to and if they
had other chronic diseases/conditions, it may explain why limited participants consumed
plant proteins frequently compared to animal proteins.

The HEI-2015 does not account for beverages aside from those with added sugars.
Even though in this study added sugars were not counted in the total DQ, participants
consumed water, coffee, and tea daily and rarely or never fruit juice, sugar-sweetened
beverages, and alcoholic beverages. A cross-sectional study conducted among Brazilian
adults with varying stages of CKD (n = 839) also showed that consumption of fruit juice,
sugar-sweetened and alcoholic beverages was limited [13]. As participants in this study
had a chronic disease such as diabetes or some form of heart disease (32.6% and 67.4%,
respectively), it may have accounted for these participants limiting their consumption of
sugar-sweetened and alcoholic beverages.

Strengths and Limitations

The study has several strengths. Even though FFQs exist, none in the US are tai-
lored for those who have CKD. Therefore, the study developed a novel one for health
care professionals to use by itself or to rapidly determine DQ in this population. This
tool focuses on whole food choices to determine overall DQ. A 24-h recall questionnaire
may reflect a range of food intake, but the FFQ examines typical food intake over a
longer period.

There are some limitations to this study. Although the sample size was achieved
through a power analysis, further validation of this tool with a larger sample size is neces-
sary. As this tool was established to provide a quick assessment of DQ, the exact nutrient
composition of foods/beverages was not obtained, thus, this tool can be improved to esti-
mate the nutrients consumed. The majority of participants were white and had advanced
stage of CKD, 3. Thus, validating this tool among adults with various races/ethnicities, in
the earlier stages of CKD, and on chronic hemodialysis/peritoneal dialysis will be able to
show the flexibility with using this tool. As this study began during COVID-19, partici-
pants had to complete the CKD SFFQ online and could have the option of completing the
2–24-h recalls online through the ASA24-2018, thus limiting the demographic profile (e.g.,
those having access to the Internet and who were technology savvy) [64,65]. The researchers
had provided a telephone option for participants to complete the 2–24-h recalls, yet less
than 4% of the participants opted for it. However, 54.4% of participants preferred complet-
ing the 2–24-h recalls through a written template and emailing the completed templates to
the researchers. Therefore, providing options to reduce burden on participants may help
increase sample size and completion of the study.

5. Conclusions

Overall, the use of the developed CKD SFFQ to quickly assess DQ to determine overall
foods/beverages consumed among adults with CKD is an acceptable method. The dietary
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scores obtained through the CKD SFFQ were consistent with those obtained through
2–24-h recalls. The developed CKD SFFQ can be used to promptly assess DQ in adults
with CKD. Further research needs to validate this tool among a larger CKD population
and in earlier and later stages (e.g., hemo and peritoneal dialysis). The findings from this
study may allow clinicians, dietitians, and other healthcare professionals to understand the
consumption patterns of particular foods to provide tailored dietary recommendations.
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