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Abstract
Purpose: Patients undergoing hemodialysis (HD) treatment can have a low intake of dietary �ber-rich
food groups to decrease hyperkalemia risk. This multicenter cross-sectional study aimed to investigate
the frequency of intake of dietary �ber sources, its determinants, and the relationship with hyperkalemia
in HD patients.  

Methods: HD patients from four dialysis clinics answered a food frequency questionnaire (FFQ) involving
the main dietary �ber sources with seven frequency possibilities. The answers were converted into scores.
Each score point corresponded to one time per week. Demographic, nutritional, and laboratory data were
obtained from the medical records. Univariate analysis was used to assess total score associations, and
variables with P<0.20 were included in the regression analysis model.

Results: A total of 305 HD patients were included (male: 51%; age: 52.2±14.7 years; hyperkalemia: 29%).
The median (interquartile) FFQ scores were as follows: fruits, 6 (2–14); vegetables, 6 (3–10); legumes, 3
(1–7); whole-grain, 0 (0–1); and seeds, 0 (0–0); total score, 19 (14–28). No difference was found between
the dietary �ber food groups and total scores with hyperkalemia. Independent predictors of dietary �ber
total score were older age, higher HD vintage, higher body mass index (BMI), and higher educational level.

Conclusion: The usual frequency of dietary �ber food groups intake was low, and its independent
determinants were age, HD vintage, BMI, and education. The lack of association with hyperkalemia
suggests that other dietary sources and clinical factors should be considered when managing
hyperkalemia in this population. 

Introduction
Traditionally, research on nutrition has focused on the relationship between individual nutrients and
health outcomes, reporting con�icting results [1]. In recent years, there has been a gradual shift towards
less reductionist approaches to examining diet-disease relationships according to, for example, the
frequency of intake of food groups and the overall dietary patterns analysis [1, 2].  Despite being a recent
development, this broader approach has also been applied to investigations of chronic kidney disease
(CKD). In a multinational cohort study with more than 8000 adults from 11 European and South
American countries undergoing hemodialysis (HD), lower consumption of fruits and vegetables was
associated with higher all-cause and non-cardiovascular deaths [3].

            In general, different HD populations have been found to have a consistently low intake of food
groups considered healthy because of their natural content of dietary �ber, vitamins,
minerals, and phytochemicals [3–5]. In addition to the in�uence of social, cultural, and other personal
factors on dietary behavior [6], patients undergoing dialysis are frequently instructed to follow a low-
potassium diet to avoid the risk of hyperkalemia. This dietary recommendation includes a controlled
intake of fruits, vegetables, legumes, seeds and whole grains [7, 8]. However, observational studies in HD
populations did not �nd signi�cant associations between the estimated dietary potassium intake or
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frequency of intake of potassium food sources and serum potassium concentration [3, 9] or
hyperkalemia status [5]. Therefore, these results challenge the belief that the amount of potassium
consumed strongly in�uences its concentration and raises awareness that restricted potassium diets can
cause harm because of the impact on the overall diet quality [8].

In particular, a low intake of dietary �ber sources in HD has been associated with markers of uremic
toxins, in�ammation, oxidative stress, metabolic acidosis, impaired arterial stiffness, constipation, and
 cardiovascular mortality [10–14]. In this multicenter cross-sectional study, we aimed to investigate the
frequency of intake of dietary �ber sources, its determinants, and the relationship with hyperkalemia in
HD patients.

Materials And Methods
Participants and setting

This was a subset analysis of a multicenter cross-sectional study that primarily aimed to evaluate the
prevalence and factors associated with constipation [14]. Participants were recruited from four dialysis
units. The inclusion criteria were adult patients (>18 years old) with chronic HD for at least 90 days. We
excluded patients on enteral nutritional support, presenting with mental and severe cognitive disorders,
and those with visual impairment. At least 80% of eligible patients in each clinic were invited to
participate (N=306), and only one patient refused to.

Study protocol

The participants were interviewed by the clinic’s dietitians between December 2018 and May 2019. 

            A food frequency questionnaire (FFQ) was used to assess the frequency of intake of the main
food sources of �bers over the last year, including fruits, vegetables, legumes, whole grains, and seeds.
Examples of each group were provided. Fruits and vegetables were divided into two subgroups (rich/poor
in potassium and raw/cooked, respectively). This subdivision was adopted because all patients had
previously received nutritional advice to reduce the risk of hyperkalemia. Usually, we recommend three
servings of a potassium-poor fruit or one serving of a potassium-rich fruit daily. The cut-off for
classifying the fruit portion as being rich or poor in potassium was 195 mg (5mEq). For example, a
regular-sized banana is rich in potassium, whereas a medium slice of pineapple is poor in potassium.
With respect to raw vegetables, one saucer (~50 g) at lunch and another at dinner is recommended. We
encourage the free consumption of cooked vegetables, provided the cooking water is discarded. As for
legumes, we recommend avoiding the broth. Consumption of other �ber-rich foods (whole grains and
seeds) is encouraged mainly for patients who complain of constipation during the dietitian’s visits. The
FFQ had seven intake options. To obtain the weekly frequency of each category, the answers were
transformed into a score (Table 1), ranging from 0 (never) to 14 (twice a day). For example, a score of 1
indicated that the food group was consumed once a week. We calculated a single score for fruits and
another for vegetables, adding the corresponding subgroup results.
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Age, education, dialysis vintage, weight, and height to calculate body mass index (BMI), diabetes
mellitus were collected from the electronic medical records. Serum potassium was obtained from blood
collection in the midweek session and hyperkalemia was considered when the serum potassium level
was higher than 5.5 mg/dL. For this analysis we used the result closer to FFQ application date.   

The research protocol was approved by the local ethics committee (N. 3.127.551), and all participants
signed an informed consent form.

Statistical analysis

Continuous variables are reported as the mean values and standard deviations when normally distributed
or as the median and interquartile range when not. Comparisons between groups were performed by chi-
square, Student’s, or Mann-Whitney U tests, as appropriated. The correlations between continuous
variables were veri�ed by Pearson’s or Spearman’s tests. An exploratory analysis was performed to
evaluate the determinants of �ber intake; the linear regression model included all variables associated
with total score of �ber at P<0.20. Statistical analysis was performed using the Statistical Package for
the Social Sciences version 21.0 for Windows (SPSS, Inc. Chicago, IL) and P value <0.05 was established
as the limit of statistical signi�cance. 

Results
A total of 305 patients were included, and their main characteristics are shown in Table 2. Almost one-
third of the patients had hyperkalemia (29%). 

Figure 1 shows the frequency of intake of �ber source groups. The median score of fruits (6 [2–14]) and
vegetables (6 [3–10]) indicates that these food groups were consumed around six times a week. A lower
weekly frequency was observed for legumes (3 [1–6]), while whole grains (0 [0–1]) and seeds (0 [0–0])
were not consumed by most of the participants.

 Table 3 shows the comparative analysis of all food groups and total scores according to the
demographic, nutritional, and clinical characteristics. Males reported a higher frequency of fruit and
legume intake than women, while older participants consumed whole grains more frequently. When
compared according to the educational status, participants with higher educational levels had a higher
frequency of intake of all food groups, except for legumes. Participants with diabetes mellitus had lower
scores for legumes and higher scores for whole grain and total �ber. Those who were overweight based
on the BMI had a lower score for legumes and higher scores for fruits, vegetables, whole grain, and total
score. Participants on dialysis for less than 4 years also had a higher total �ber score than the others. No
difference was found according to diuresis status neither between those with normal or high serum
potassium levels.   

Total �ber score was 19 (14-28), which correlated with age (r=0.15; P=0.01), HD vintage (r=-0.22;
P<0.001), and BMI (r=0.15; P=0.007). Only the vegetable score was correlated with serum potassium
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(r=0.17; P=0.03).        

Linear regression analysis included all the compared variables with p<0.20. Independent determinants of
total �ber score were age, years at school, HD vintage, and overweight status (Table 4). 

Discussion
In this cross-sectional multicenter study of HD patients, we found that the participants who consumed
more frequently dietary �ber sources were older, had a higher educational level, had less time on HD
treatment, and were overweight. Also, the frequency of intake of these food groups was not associated
with hyperkalemia.

            Our participants reported a low frequency of intake of all the food groups included in the
assessment. Although they had been counseled to control their intake of speci�c food groups to treat or
decrease hyperkalemia risk, the frequency reported was lower than what is usually recommended. This
dietary pattern is similar to results obtained by epidemiological studies performed in our country in the
general population and in patients with CKD: low consumption of fruits, vegetables, and whole grains,
leading to inadequate �ber intake [15–18]. 

Though different methods for evaluating and reporting food groups and dietary �ber intake have been
used in the literature, it is still possible to make comparisons with our �ndings. A low intake of these food
groups was also found in other HD populations worldwide [5]. In a multinational HD cohort study, the
usual intake in servings per week of fruits was (5.5 [1.0–7.0]), vegetables (3.0 [1.0–5.5]), and legumes
and nuts (1.0 [0.5–3.0]) [3].  In a study conducted in the United States, only 3% of the study population
consumed at least four servings of fruits and vegetables per day [4].

Patients undergoing HD have very low dietary �ber intake compared to the daily recommendations for
adults (25 g/day for women and 38 g/day for men [19]). In some American cohorts, the daily �ber intake
ranged from 10 to 12 g/day, or around 50% lower than in a large American cohort [4, 20]. In Turkey, �ber
intake of 12.6 ± 4.7 g/day was reported by 128 participants [10], while in Brazil, it varied from 9 to 19
g/day [12, 21, 22].

            We found associations between the food groups and total scores with demographic, nutritional,
and clinical variables. Of note, educational level and BMI in�uenced the frequency of intake of four out of
the �ve food groups. Participants with higher educational levels consumed fruits, vegetables, whole
grains, and seed sources more frequently, re�ecting a higher level of information and monetary access
since schooling directly in�uences family income [23]. Overweight participants had a higher score in
fruits, vegetables, and whole grain and a lower score in legumes. We did not �nd other similar studies that
assessed this relationship. We speculate that this pattern might be due to the higher overall quantity of
food consumed among overweight participants.         The lack of association between the frequency of
�ber sources intake and hyperkalemia corroborates current evidence that diet is not the main cause of
this common disorder in CKD [5, 9, 24]. It is well known that serum potassium is regulated not only by an



Page 6/14

external balance (relationship among nutrient intake and its excretions) but also by many clinical factors
that in�uence the shift between intra- and extracellular cites, such as diabetes and metabolic acidosis [5].
In a study with a Mexican HD cohort that investigated the factors associated with serum potassium,
diabetes was an important hyperkalemia predictor [5]. Nevertheless, we cannot discard the potential bias
of the amount of potassium ingested since the present, and most of the mentioned studies report low
potassium intakes. Although we have not evaluated potassium intake, the association between dietary
potassium and �ber is known [25] as those nutrients share important food sources, such as fruits,
vegetables, legumes, and nuts. 

Besides the amount, the bioavailability of potassium in food matrix may also in�uence its relationship
with hyperkalemia. Potassium from plant foods seems to have less impact on potassemia than animal
sources or potassium salts [24]. Carbohydrate-containing foods, such as fruits, stimulate insulinemia,
which in turn induces the shift of potassium into the intracellular space [26]. At the same time, as sources
of �ber, fruits and vegetables favor intestinal transit time and the consequent fecal excretion of
potassium [27, 28]. In fact, a multinational cohort of 8078 HD patients found similar serum predialysis
potassium levels across the tertiles of fruit and vegetable intake. More importantly, lower consumption of
these food groups was associated with higher mortality [3]. Moreover, in a prospective cohort study, lower
dietary potassium intake was associated with higher mortality risk, suggesting that excessive dietary
potassium restriction may be deleterious in HD patients [25].

            Independent determinants of total score showed that the frequency of intake of dietary
�ber sources increased with age, education level, and BMI and was lower among patients on HD
treatment for longer periods. In general, a higher intake of dietary �ber sources in older and higher
education levels is evidenced in national surveys and HD populations [3, 29, 30]. Regarding BMI, although
this parameter can re�ect an overall higher quantity of food consumed, this might confer an advantage in
terms of healthy nutrient intake and may bene�t overweight patients. This aspect has not been discussed
among the theories on the reasons behind the survival advantages consistently found in HD patients with
increased BMI [31], but we believe it deserves attention.  

Interestingly, HD vintage was also an independent determinant of the frequency of dietary �ber sources. It
is currently unknown why patients on HD for shorter periods reported a higher intake of these food
groups. Similarly, Saglimbene et al. reported that patients on HD for a shorter time had a higher fruit and
vegetable intake [3]. It is possible that patients who had been on treatment for a longer time experienced
more hyperkalemia episodes, in�uencing their food choices.  

Some limitations of the study should be mentioned. Causal relationships cannot be established due to
the cross-sectional nature of the study. Second, the dietary investigation was qualitative, limiting our
ability to quantify the amount of �ber and potassium consumed. Finally, clinical factors associated with
potassemia, which could further explain the results, were not captured.  However, this exploratory analysis
adds to the growing body of observational research on the relationship between diet and hyperkalemia
and the importance of promoting a healthy diet among patients in HD.
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In conclusion, the usual frequency of �ber source intake was low, and its independent determinants were
age, HD vintage, education, and BMI. The lack of association with hyperkalemia suggests that other
dietary sources and clinical factors should be considered when managing hyperkalemia in this
population. 
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Tables
Table 1: Frequency of intake scores according to food frequency questionnaire responses. 

Frequency of intake Score

Never 0

Less than once a month 0.25

One to three times a month 0.5

Once a week 1

Two to four times a week 3

Once a day 7

Twice a day 14

Table 2. Participants main characteristics  (N=305) 

  Total

 (N = 305)

Male N (%) 156 (51)

Age (years) 52.2 ± 14.7

HD vintage (month) 46 (19–82)

Education (years at school) 8 (4 - 12)

Diabetes Mellitus N (%) 86 (28)

BMI (kg/m²) 26.6 ± 5.9

Serum potassium (mEq/L)

      >5,5 mEq/L N (%)

5.2 ± 0.7

89 (29)

HD: hemodialysis; BMI: body mass index;   
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Table 3. Food groups and total scores according to demographical, nutritional and clinical
characteristics.  
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  N Fruits Vegetables Legumes Whole
grain

Seeds Total

Gender

   Male 

   Female 

 

156

149

 

7 (3.6 –
14.0.0)*

5.6 (2.1
– 9.8)

 

5.6 (3.0 –
9.8)

5.6 (2.9 –
11.9)

 

2.8 (1.9
– 7.0)**

1.6 (0.5
– 7.0)

 

0 (0 –
1.6)

0 (0 –
2.8)

 

0 (0 –
0)

0 (0 –
0)

 

20.4 (14.0.2 –
29.2)

18.4 (12.4 – 27.5)

Age

   < 60 years 

   ≥ 60 years

 

191

114

 

5.6 (3.2
– 14.0)

5.6 (3.1
– 14.0)

 

5.6 (2.9 –
9.8)

7 (2.9 –
9.8)

 

2.8 (1.6
– 7.0)

2.8 (1.6
– 7.0)

 

0 (0 –
1.6)*

0 (0 –
2.8)

 

0 (0 –
0)

0 (0 –
0)

 

18.7 (13.2 – 27.1)

21.1 (14.0.3 –
29.9)

Years at
school

   < 8 years

   ≥ 8 years

 

137

168

 

5.6 (1.6
– 9.8)*

6.3 (3.6
– 14.0)

 

5.6 (2.4 –
9.8)*

5.6 (3.2 –
9.8)

 

2.8 (0.5
– 7.0)

2.8 (1.6
– 7.0) 

 

0 (0 –
2.8)*

0 (0 –
1.6)

 

0 (0 –
0)**

0 (0 –
0)

 

18.2 (14.0 – 26.8)

21.2 (14.0 – 29.8)

DM

    Yes

    No

 

86

217

 

7 (3.1 –
14.0)

5.6 (3.1
– 9.8)

 

7 (3.1 –
10.8)

5.6 (2.9 –
9.8)

 

2.8 (0.5
– 3.8)*

2.8 (1.6
– 7.0)

 

0.5 (0
–
7.0)**

0 (0 –
0.5)

 

0 (0 –
0)

0 (0 –
0)

 

22.5 (15.3 –
30.6)*

18.2 (13.1 – 26.6)

BMI

   < 25 kg/m2

   ≥ 25 kg/m2

 

140

165

 

5.0 (0.1
– 9.8)**

8.6 (4.4
– 14.0.0)

 

4.4 (2.3 –
8.6)**

7.5 (3.2 -
9.8)

 

2.8 (1.6
– 7.0)*

2.8 (1.6
– 7.0)

 

0 (0 –
1.6)*

0 (0 –
2.8)

 

0 (0 –
0)

0 (0 –
0)

 

16.7 (11.7 –
24.3)**

22.4 (14.7 – 29.7)

Years in HD

  < 4 years

   ≥ 4 years

 

170

135

 

7.2 (3.2
– 14.0)

5.6 (2.8
– 9.8)

 

7.0 (2.9 –
9.8)

5.6 (2.9 –
9.8)

 

2.8 (1.6
– 7.0)

2.8 (1.6
– 7.0)

 

0 (0 –
2.8)

0 (0 –
1.6)

 

0 (0 –
0)

0 (0 –
0)

 

21.2 (14.4 –
30.8)**

17.7 (12.9 – 23.8)

Anuresis

    Yes

    No

 

136

169

 

5.6 (3.2
– 9.8)

5.6 (2.8
– 14.0)

 

5.6 (3.2 –
9.8)

5.6 (2.4 –
9.8)

 

2.8 (1.6
– 7.0)

2.8 (1.6
– 7.0)

 

0 (0 –
1.6)

0 (0 –
2.8)

 

0 (0 –
0)

0 (0 –
0)

 

18.5 (12.5 – 27.0)

21 (14.2 – 29.9)
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Hyperkalemia

   Yes

   No

 

89

216

 

7.0 (2.8
– 14.0.0)

5.6 (3.2
–
14.0.0) 

 

7.0 (3.2 –
9.8)

5.6 (2.9 –
9.8)

 

2.8 (0.5
– 7.0)

2.8 (1.6
– 7.0)

 

0 (0 –
3.0)  

0 (0 –
1.6)

 

0 (0 –
0) 

0 (0 –
0)

 

20.1 (13.1 – 27.6)
19.4 (14.0.0 –
28.2)

*P<0.05; **P<0.01

Table 4.  Linear regression analysis of total �ber score determinants (R2=0.10).

Variables B  (95% CI) P

Age (years) 0.10 0.00 - 0.20 0.04

Diabetes (yes) 0.52 -2.56 – 3.60 0.73

Education (years) 0.30 0.12 – 0.48 0.001

HD vintage (> 4 years) -4.15 -6.75 – -1.55 0.002

BMI (> 25 kg/m2) 2.72 0.02 – 5.4 0.04

HD: hemodialysis; BMI: body mass index

Figures
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Figure 1

Distribution of food groups frequency of intake.


