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Introduction: Dialysis patients are frequently advised to restrict fruit and vegetable intake due to their high

potassium content. This study aimed to evaluate the association between dietary fiber intake and major

adverse cardiovascular events (MACE) among dialysis patients.

Methods: A total of 219 prevalent dialysis patients were prospectively recruited from a major university

teaching hospital and regional dialysis center in Hong Kong. Dietary fiber intake estimated using a 7-day

locally validated food frequency questionnaire was examined in relation to a primary composite outcome

of MACE over a follow-up period of 4 years.

Results: A total of 127 patients were complicated with 1 or more MACE. In the multivariable Cox regres-

sion analysis, every 1 g higher fiber intake, and every 1 g/d per 1000 kcal higher fiber intake density were

associated with an 11% (95% confidence interval [CI]: 0.81–0.97) and a 13% lower risk of MACE (95% CI:

0.77–0.99), respectively, independent of clinical, demographic, biochemical, hemodynamic, adequacy

parameters, dietary protein, energy intake, inflammatory, and cardiac markers. Patients in the lower tertile

of fiber intake density showed an increased hazard for MACE (adjusted hazard ratio: 1.78; 95% CI:

1.13–2.80) than those in the upper tertile.

Conclusion: Higher fiber intake and higher fiber intake density may be associated with less inflammation,

less myocardial hypertrophy, injury, and lower risk of MACE in dialysis patients. These data form an

important basis for a randomized controlled trial to examine fiber supplementation on cardiovascular

outcomes in the dialysis population.
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D
iet has long been implicated in playing an
important etiologic role in atherosclerosis and car-

diovascular disease in the general population.1,2 Numerous
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epidemiologic studies in the general population have re-
ported a strong, inverse relationship between dietary fiber
intake and risk of coronary heart disease, with higher fiber
intake associated with a 20% to 40% risk reduction in
coronary disease.3–6 Recent data from US general popula-
tion cohorts showed that increased fiber intake from pre–
to post–myocardial infarction was significantly associated
with a 31% lower risk of all-cause mortality.7

Dietary fiber intake may modify cardio-metabolic
risk profile by delaying absorption of carbohydrates,
increasing satiety, and ameliorating postprandial hy-
perglycemia, enhancing peripheral insulin sensitivity,
and lowering low-density lipoprotein-cholesterol.8–10

However, the importance of fiber intake among pa-
tients with chronic kidney disease (CKD) is under-
recognized. Patients with advanced CKD are frequently
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advised to restrict intake of fruits, green leafy vegetables,
and whole-grain cereals due to their high potassium con-
tent, and risk of hyperkalemia and hyperphosphatemia,
respectively. Fiber intake in patients with advanced CKD
is therefore generally reduced compared with that of the
general population.11 Recent data from theNational Health
and Nutrition Examination Survey suggested that the
relationship between total fiber intake with inflammation
and mortality appeared much stronger in those with
kidney disease than those without kidney disease,12

providing preliminary evidence that more emphasis
should perhaps be placed on encouraging intake of this
specific component, “fiber,” in the diet of patients with
CKD.

In this study, we aimed to evaluate the association
between dietary fiber intake and risk of MACE in a
prospective dialysis cohort. We also tested the associ-
ations, if any, between fiber intake and various in-
flammatory and cardiac biomarkers.

CONCISE METHODS

Study Design and Study Participants

We performed a prospective longitudinal cohort study in
219 patients with CKD stage 5D, age between 18 and 75
years, who had received chronic dialysis treatment for at
least 3 months from a total peritoneal dialysis population
of 240 in a single regional dialysis center and a major
university hospital in Hong Kong from 1999 to 2001.
Twenty-one patients were excluded based on the exclu-
sion criteria, which included patients with ongoing sys-
temic inflammatory disease, such as systemic lupus
erythematosus, patients with underlying malignancies,
chronic obstructive pulmonary disease, or active tuber-
culous infection still undergoing treatment, as these
conditions may influence dietary intake. Approval was
obtained from the institutional research ethics committee
of the university to conduct this study. Informed consent
was obtained from all patients before participating in the
study. At study baseline, all eligible patients underwent
dietary assessment, echocardiographic examination, clin-
ical assessment, blood taking for various biochemical
analyses, and assessment of dialysis adequacy. In hospi-
talized patients, all the assessments, including dietary
assessment, were deferred for at least 1 month after
complete resolution of the acute complication.

Dietary Assessment

All patients underwent a 7-day food frequency ques-
tionnaire that has been validated in our local Chinese
population13 to estimate average daily energy, protein,
and total fiber intake. In brief, the questionnaire con-
sisted of 253 food items in the following 7 categories:
bread/pasta/rice (16 items), vegetables (63 items), fruits
(26 items), meat (39 items)/fish (31 items)/eggs (5 items),
Kidney International Reports (2019) 4, 814–823
beverages (37 items), dimsum/snacks (39 items), soups
(10 items), and oil/salt/sauces. Items chosen were those
most frequently consumed, based on previous local
surveys, and overlapped with some items of the ques-
tionnaire used in the Australian Chinese Dietary Sur-
vey.14 Wherever possible, individuals were told before
the visit that a survey on a week’s diet would be car-
ried out and were advised to record at home to help the
interview. On the day of the interview, individuals
were asked to complete the questionnaire by recording
their diet for the week preceding the interview as fol-
lows: the food item, the size of the portion, and the
number of times of consumption each day and each
week. Portion size was explained to individuals with
the aid of photographs to illustrate individual food
portion size, using bowls with a volume of 240 ml and
plates 17.5-cm in diameter. Nutrient quantity was
calculated using food tables from McCance and Wid-
dowson (Holland et al.15) and 2 Chinese food tables16,17

in which validation had been carried out using chem-
ical analysis. Data were cross-checked by examining
the dietary pattern (for example, if meals were skipped)
to see if it corresponded to the number of times staple
foods such as rice or noodles were consumed over the
1-week period. The dietary questionnaire we used in
this study has been validated in the Chinese population
and the validity of the nutrient quantitation was
examined by comparing calculated 24-hour intake of
total energy, sodium, and potassium, with estimated
value of energy expenditure (basal metabolic rate� 1.4)
and 24-hour urinary sodium and potassium outputs. All
the food frequency questionnaires were administered
by a group of trained research assistants with experi-
ence in performing dietary interviews and blinded to
clinical and biochemical details of all subjects. Data
from the food frequency questionnaire were input into
computer format and analyzed. Dietary energy, protein,
and total fiber intake were normalized to patients’ actual
dry weight and fiber intake density was daily fiber
intake normalized per 1000-kcal energy intake.

Echocardiographic Examination

Two-dimensional echocardiography was performed
using a GE-VingMed System 5 echocardiographic
machine (GE-VingMed Sound AB, Horten, Norway)
with a 3.3-mHz multiphase array probe in subjects
lying in the left decubitus position by a single
experienced cardiologist blinded to all clinical,
biochemical, and dietary details of patients. All
echocardiographic data were analyzed according to
the guidelines of the American Society of Echocar-
diography.18 Ejection fraction was obtained using a
modified biplane Simpson’s method from apical 2-
and 4-chamber views.19
815
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Biochemical Analysis

Fasting venous blood samples were collected for mea-
surement of blood hemoglobin, serum urea, creatinine,
calcium, phosphate, intact parathyroid hormone, high-
sensitivity C-reactive protein (hs-CRP), albumin,
cholesterol, triglyceride, fetuin-A, N-terminal pro-
brain natriuretic peptide (NT-pro-BNP), and cardiac
troponin. Intact parathyroid hormone was measured by
Immulite 1000 Analyzer (Siemens Healthcare Di-
agnostics, Deerfield, IL). hs-CRP was measured using the
Tina-quant C-reactive protein latex ultra-sensitive assay.
Albumin was measured using the bromcresol purple
method, and total cholesterol and triglyceride were
measured by the Hitachi 911 analyzer (Roche Di-
agnostics GmbH, Mannheim, Germany). High-density
lipoprotein-cholesterol was measured by the precip-
itation of Apo B containing lipoproteins with
phosphotungstate, and low-density lipoprotein-
cholesterol was calculated using the Friedewald for-
mula. Serum fetuin-A was determined using a human
fetuin-A enzyme-linked immunosorbent assay kit
(Epitope Diagnostics, San Diego, CA). NT-pro-BNP
and cardiac troponin T were quantified by electro-
chemiluminescence immunoassay on the Elecsys 2010
analyzer (Roche Diagnostics, Indianapolis, IN).

Indices of Dialysis Adequacy

Twenty-four–hour urine and dialysate were collected
for measurement of total, peritoneal dialysis, and re-
sidual kidney clearance of urea and creatinine using
standard method.20 Glomerular filtration rate was
calculated as an average of 24-hour urinary urea and
creatinine clearance.21

Clinical Data Collection

A thorough medical history was taken at the time of
study entry to obtain clinical and demographic data,
including diabetes, smoking status, details of any
previous history of angina, myocardial infarction
with or without percutaneous coronary intervention
or coronary artery bypass grafting, heart failure,
previous stroke or transient ischemic attacks, inter-
mittent claudication or other symptoms suggestive of
peripheral vascular disease with or without history
of amputation or revascularization, and use of
different antihypertensive medications. Systolic and
diastolic blood pressures were measured on every
follow-up visit at 8-week intervals for 1 year pre-
ceding study baseline and were averaged to give the
final reading.

Follow-up and Outcome Measures

All patients were prospectively followed up for 4 years
from the day of baseline assessments at study entry or
816
until death. No patient was lost to follow-up. The
primary outcome examined was first MACE, which was
defined a priori and the cohort was purposely assem-
bled to examine this outcome. MACE included angina
with electrocardiographically documented changes of
myocardial ischemia, acute myocardial infarction,
electrocardiographically documented arrhythmia, heart
failure, or thromboembolic or hemorrhagic stroke, all
of which were defined according to standard clinical
criteria, peripheral vascular disease, or sudden cardiac
death. Peripheral vascular disease was defined as the
presence of intermittent claudication with angio-
graphic or sonographic detection of $50% stenosis of
the major arteries of the lower limb, with or without
revascularization procedures, ischemic leg ulceration,
gangrene with or without amputation, and aortic
aneurysm. Sudden cardiac death was defined as un-
expected natural death within 1 hour from the symp-
tom onset and without any prior condition that would
appear fatal.22,23 The nature of the first MACE was
provided by the attending physician and this infor-
mation was retrieved from the computerized Clinical
Management System of the Hong Kong Hospital Au-
thority and the Renal Registry Database that keep
detailed records of all hospitalization episodes and
causes of death. In case of death out of hospital, family
members were interviewed by telephone to ascertain
the circumstances surrounding death. For patients who
had multiple MACEs, survival analysis was limited to
the first event.

Statistical Analysis

Continuous data were expressed as mean � SD or me-
dian (interquartile range) depending on the distribu-
tion. Patients were stratified into tertiles according to
daily dietary fiber intake and fiber intake densities.
Between-group comparisons were done using 1-way
analysis of variance or Kruskal-Wallis test for contin-
uous data depending on data distribution and c2 test
for categorical data. Survival curves were generated by
means of Kaplan-Meier estimates, and differences in
MACE-free survival were compared by the log-rank
test. In this analysis, patients who underwent kidney
transplantation or were permanently transferred to
hemodialysis were censored at the time of transfer to
alternative renal replacement therapy. If a patient died
within 3 months of transfer to hemodialysis, then he or
she was not censored, as the MACE was considered to
reflect the health status during the period of failing
peritoneal dialysis treatment. To examine the effects of
fiber intake and fiber intake density in predicting the
first MACE, univariate and multivariable Cox regres-
sion models were fitted using covariates with P < 0.1
in the univariate analysis. Age and gender were
Kidney International Reports (2019) 4, 814–823
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included in the multivariable Cox regression models
irrespective of their statistical significance. Statistical
analysis was performed using SPSS version 20.0 for
Windows Software (IBM Corp, Chicago, IL). A P value
of less than 0.05 was considered statistically significant.
RESULTS

Table 1 presents the baseline characteristics. The
average daily fiber intake was 5.0 � 2.5 g/d and was
higher in men than women (5.5 � 2.6 vs 4.4 � 2.3 g/d;
P ¼ 0.001). However, fiber intake density did not
differ between men and women (3.7 � 1.4 and 3.5 �
1.5g/1000 kcal/d; P ¼ 0.5). We stratified patients by
tertiles of fiber intake. Table 2 compared the charac-
teristics of patients across tertiles of fiber intake
density.

During the median follow-up of 17.7 (interquartile
range, 6.0–47.2) months, 127 patients (58%) experi-
enced 1 or more MACE. The nature of first MACE
included acute coronary syndrome or acute myocar-
dial infarction in 15 patients (6.8%), ischemic or
hemorrhagic cerebrovascular event in 16 patients
(7.3%), heart failure in 76 patients (34.7%), periph-
eral vascular disease in 5 patients (2.3%), electro-
cardiographically confirmed arrhythmia in 8 patients
(3.7%), and sudden cardiac death in 7 patients
(3.2%).

Supplementary Table S1 shows the univariate Cox
regression analysis in relation to first MACE. Fiber
intake (hazard ratio: 0.85; 95% CI: 0.78–0.92; P <
0.001) and fiber intake density (hazard ratio: 0.85, 95%
CI: 0.74–0.97; P ¼ 0.02) were associated with the
development of first MACE. Compared with patients in
the upper tertile of fiber intake density, those in the
lower tertile were at 1.68-fold (95% CI: 1.09–2.58; P ¼
0.02) increase in the risk of developing first MACE. In
the multivariable Cox regression analysis controlling
for clinical, biochemical, dialysis, echocardiographic
parameters, and cardiac biomarkers, fiber intake was
significantly associated with first MACE. Every 1 g/d
increase in fiber intake was associated with an 11%
reduction (95% CI: 0.81–0.97) in the risk of developing
MACE (Table 3). Its significance outweighed other
cardiovascular risk factors, such as diabetes, back-
ground atherosclerotic vascular disease, left ventricular
mass index, pulse pressure, serum albumin, hs-CRP,
and residual glomerular filtration rate and was inde-
pendent of protein and energy intake. Figure 1a shows
the Kaplan-Meier estimates of cumulative MACE-free
survival probabilities in relation to tertiles of fiber
intake. Patients in the lower tertile had the lowest
cumulative MACE-free survival probability among the
3 groups (P ¼ 0.005).
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Figure 1b shows the Kaplan-Meier estimates of cu-
mulative MACE-free survival probabilities in relation
to tertiles of fiber intake density. Those in the lower
tertile of fiber intake density had the lowest MACE-free
survival probabilities over 4 years as compared with
those in the upper tertile (P ¼ 0.028). In the multi-
variable Cox regression analysis considering the same
clinical, biochemical, dialysis, echocardiographic pa-
rameters, and cardiac biomarkers, fiber intake density
was associated with MACE both as a continuous vari-
able (adjusted hazard ratio: 0.87; 95% CI: 0.77–0.99;
P ¼ 0.046) and when stratified into tertiles (Table 4).
Compared with patients in the upper tertile of fiber
intake density, those in the lower tertile showed an
increased hazard (adjusted hazard ratio: 1.78; 95% CI:
1.13–2.80; P ¼ 0.01) for MACE, independent of other
cardiovascular risk factors, including diabetes mellitus,
background atherosclerotic vascular disease, pulse
pressure, serum albumin, hs-CRP, residual glomerular
filtration rate, left ventricular mass index, duration of
dialysis, cardiac troponin T, and NT-pro-BNP.
DISCUSSION

In this study, we observed an important relationship
between higher fiber intake and higher fiber intake
density with a lower risk of MACE in a prospective
dialysis cohort being followed for 4 years. Every 1 g
higher daily fiber intake was independently associated
with an 11% reduction in the risk of MACE. Every 1
g/d per 1000 kcal higher daily fiber intake density was
independently associated with a 13% reduction in the
adjusted risk of MACE. The magnitude of risk reduc-
tion associated with every gram increase of fiber intake
and every g/d per 1000 kcal increase of fiber intake
density appeared larger than that observed in the
general population.24 Notably, the significance of
higher fiber intake in predicting a lower risk of MACE
outweighed other traditional and kidney disease–
related cardiovascular risk factors or markers such as
hypoalbuminemia; arterial stiffening; low fetuin-A;
high hs-CRP, cardiac troponin T, and NT-pro-BNP;
and left ventricular mass index. This observation is
novel and extends the National Health and Nutrition
Examination Survey data, showing that a higher di-
etary fiber intake was associated with a lower risk of
all-cause mortality in those with CKD.12 There was
some suggestion that higher dietary fiber intake may
also retard kidney function decline, reduce proin-
flammatory factors and indoxyl sulfate and thus lower
cardiovascular risk in advanced CKD.25

The general health benefits of dietary fiber are well
recognized and have been quite extensively studied in
the general population. Several general population
817



Table 1. Baseline characteristics in relation to tertile stratification of dietary fiber intakea

Variables Total (n [ 219)

Dietary fiber intake stratified in tertiles

P for trendUpper (n [ 73) Middle (n [ 73) Lower (n [ 73)

Clinical and demographic

Age (yr) 556 � 12 53 � 13 56 � 11 58 � 10 0.009

Men, n (%) 109 (49.5) 45 (61.6) 35 (47.9) 29 (39.7) 0.3

Diabetes mellitus, n (%) 66 (30) 22 (30.1) 19 (26.0) 25 (34.2) 0.6

Positive smoking history, n (%) 54 (24.5) 25 (34.2) 13 (17.8) 15 (20.5) 0.5

Body mass index (kg/m2) 23.0 � 3.4 23.1 � 4.0 23.0 � 3.0 23.0 � 3.2 0.9

Duration of dialysis (mo)b 26.5 (15, 51) 24 (12, 37.5) 26 (16.5, 57.5) 39 (16, 61.5) 0.1

Systolic BP (mm Hg) 147 � 17.2 144 � 16 148 � 18 148 � 17 0.1

Diastolic BP (mm Hg) 82 � 9 83 � 10 82 � 9 82 �10 0.6

Pulse pressure (mm Hg) 64 � 14 61 � 12 66 � 14 66 � 15 0.02

Hypertension, n (%) 189 (85.9) 61 (83.6) 63 (86.3) 64 (87.7) 0.5

Background AVD, n (%) 52 (23.6) 19 (26.0) 12 (16.4) 21 (28.8) 0.7

Coronary artery disease, n (%) 44 (20) 16 (21.9) 11 (15.1) 17 (23.3) 0.8

Echocardiographic

LV mass index (g/m2) 224 � 85 207 � 69 217 � 81 247 � 99 0.004

LV volume index (ml/m2) 66 � 20 67 � 22 63 � 18 67 � 21 0.2

LV ejection fraction (%) 53 � 8 52 � 10 53 � 8 52 � 8 0.2

Dialysis

Total weekly urea clearance 1.81 � 0.44 1.76 � 0.46 1.87 � 0.49 1.80 � 0.36 0.6

PD urea clearance 1.53 � 0.35 1.4 � 0.4 1.6 � 0.3 1.6 � 0.3 <0.001

Renal urea clearance 0.28 � 0.41 0.38 � 0.42 0.29 � 0.50 0.16 � 0.26 0.001

Total weekly CrCl (l/wk per 1.73 m2) 56.3 � 21.6 61.1 � 26.7 56.6 � 22.9 51.2 � 11.0 0.005

PD CrCl (l/wk per 1.73 m2) 39.8 � 8.16 36.1 � 7.21 40.3 � 8.03 42.8 � 7.74 <0.001

Renal CrCl (l/wk per 1.73 m2) 16.5 � 23.1 25.1 � 27.9 16.3 � 23.6 8.39 � 12.2 <0.001

Normalized PCR (g/kg per d)b 0.94 (0.82, 1.08) 0.99 (0.85, 1.10) 0.94 (0.86, 1.09) 0.88 (0.78, 1.03) 0.03

% with RRF 134 (60.9) 57 (78.1) 44 (60.3) 32 (43.8) <0.001

Residual GFR (ml/min/1.73m2)b 0.55 (0.00, 1.89) 0.92 (0.17, 2.75) 0.44 (0.0, 1.76) 0.00 (0.00, 1.06) <0.001

Biochemical

Hemoglobin (g/dl) 9.18 � 1.71 9.77 � 2.01 8.92 � 1.36 8.85 � 1.54 0.001

Serum albumin (g/dl) 28.6 � 5.2 29.7 � 5.6 28.3 � 5.4 27.7 � 4.3 0.02

Serum potassium (mmol/l) 4.01 � 0.62 4.16 � 0.59 4.07 � 0.62 3.80 � 0.58 0.001

Plasma calcium (mmol/l) 2.56 � 0.23 2.55 � 0.22 2.55 � 0.25 2.57 � 0.21 0.7

Plasma phosphate (mmol/l) 1,67 � 0.46 1.71 � 0.50 1.69 � 0.43 1.61 � 0.47 0.2

Intact PTH (pmol/l)b 42.4 (18.7, 74.1) 40.6 (18.9, 67.7) 36.3 (16.7, 64.7) 48.9 (19.9, 82.9) 0.2

Total cholesterol (mmol/l) 5.39 � 1.19 5.32 � 1.07 5.60 � 1.27 5.25 � 1.22 0.06

HDL-cholesterol (mmol/l) 1.24 � 0.42 1.19 � 0.35 1.27 � 0.48 1.25 � 0.43 0.4

LDL-cholesterol (mmol/l) 2.18 � 0.98 3.33 � 0.90 3.41 � 0.98 3.09 � 1.05 0.2

Triglyceride (mmol/l) 2.08 � 1.48 1.87 � 0.99 2.24 � 1.90 2.14 � 1.40 0.3

Hs-CRP (mg/l)b 2.90 (0.90, 0.98) 1.39 (0.77, 5.43) 3.0 (0.95, 8.08) 4.28 (1.25, 11.4) 0.006

Interleukin-6 (pg/ml)b 9.7 (5.2, 18.1) 6.9 (4.5, 14.6) 10.7 (5.4, 18.6) 10.3 (7.0, 18.80 0.05

Fetuin-A (g/l) 0.31 � 0.07 0.32 � 0.07 0.31 � 0.06 0.29 � 0.06 0.003

Cardiac troponin T (mg/l)b 0.06 (0.01, 0.15) 0.03 (0.01, 0.09) 0.03 (0.01, 0.15) 0.1 (0.02, 0.18) 0.002

NT-pro-BNP (pg/ml)b 5842 (1950, 17,533) 3730 (1631, 13,304) 4798 (1717, 13,872) 9366 (2640, 35,000) 0.02

Dietary intake

Total fiber intake (g/d) 5.0 � 2.5 7.7 � 2.0 4.8 � 0.7 2.5 � 0.8 <0.001

Energy intake (kcal/kg per day) 24.6 � 8.8 29.9 � 8.8 24.5 � 7.3 19.6 � 6.9 <0.001

Protein intake (g/kg per day) 1.1 � 0.5 1.3 � 0.5 1.1 � 0.4 0.9 � 0.4 <0.001

AVD, atherosclerotic vascular disease; BP, blood pressure; CrCl, creatinine clearance; GFR, glomerular filtration rate; HDL, high-density lipoprotein; hs-CRP, high sensitive C-reactive
protein; LDL, low-density lipoprotein; LV, left ventricular; NT-pro-BNP, N-terminal pro-brain natriuretic peptide; PCR, protein catabolic rate; PD, peritoneal dialysis; PTH, parathyroid
hormone; RRF, residual renal function.
aContinuous data are expressed as mean � SD unless specified otherwise.
bMedian (interquartile range).
Dietary fiber intake >5.88 g/d as upper tertile (reference group), 3.71 g to 5.88 g/d as middle tertile, and <3.71 g/d as lower tertile.
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cohorts showed that higher fiber intake was associated
with a lower risk of cardiovascular disease and myocar-
dial infarction.4,26 In a systematic review of 12 prospec-
tive general population cohort studies, every 7 g/d higher
fiber intake was associated with a 9% lower risk of
818
coronary heart disease and cardiovascular disease.24 Our
current observations add to the existing evidence, sug-
gesting that increasing dietary fiber intake may have a
similar cardiovascular protective benefit in the dialysis
population and warrant further exploration.
Kidney International Reports (2019) 4, 814–823



Table 2. Baseline characteristics in relation to tertile stratification of fiber intake densitya

Variables

Fiber intake density stratified by tertile

P for trendUpper (n [ 73) Middle (n [ 73) Lowest (n [ 73)

Clinical and demographic

Age (yr) 54.4 � 12.0 55.4 � 11.9 56.8 � 11.1 0.5

Men, n (%) 36 (51.4) 38 (50.7) 35 (47.3) 0.9

Diabetes mellitus, n (%) 22 (31.4) 26 (34.7) 18 (24.3) 0.4

Positive smoking history, n (%) 18 (25.7) 19 (25.3) 16 (21.6) 0.9

Body mass index (kg/m2) 23.6 � 4.05 22.5 � 2.87 23.1 � 3.17 0.1

Duration of dialysis (mo)b 24 (13, 27) 25 (13, 50) 39 (19, 60) 0.03

Systolic BP (mm Hg) 144 � 16 149 � 18 146 � 17 0.3

Diastolic BP (mm Hg) 81 � 10 84 � 10 81 � 9 0.1

Pulse pressure (mm Hg) 63 � 13 65 � 14 65 � 14 0.7

Hypertension, n (%) 56 (80) 66 (88) 66 (89.2) 0.2

Background AVD, n (%) 18 (25.7) 19 (25.3) 15 (20.3) 0.7

Coronary artery disease, n (%) 17 (24.3) 15 (20) 12 (16.2) 0.5

Echocardiographic

LV mass index (g/m2) 218 � 75.6 202 � 74 251 � 97.6 0.002

LV volume index (ml/m2) 63.3 � 19.4 65.4 � 20.6 68.4 � 21.3 0.3

LV ejection fraction (%) 52.5 � 8.9 52.2 � 8.38 52.4 � 7.59 1.0

Dialysis

Total weekly urea clearance 1.74 � 0.39 1.86 � 0.40 1.83 � 0.50 0.2

PD urea clearance 1.46 � 0.34 1.55 � 0.36 1.57 � 0.35 0.1

Renal urea clearance 0.28 � 0.38 0.31 � 0.35 0.25 � 0.49 0.4

Total weekly CrCl (l/wk per 1.73 m2) 57.8 � 25.7 57.6 � 19.5 53.5 � 19.3 0.4

PD CrCl (l/wk per 1.73 m2) 38.5 � 7.18 38.9 � 8.51 41.7 � 8.30 0.04

Renal CrCl (l/wk per 1.73 m2) 19.3 � 27.1 18.7 � 20.4 11.9 � 21.3 0.1

Normalized PCR (g/kg per day)b 0.91 (0.81, 1.08) 0.96 (0.87, 1.07) 0.93 (0.79, 1.09) 0.5

% with RRF 44 (62.9) 55 (73.3) 34 (45.9) 0.04

Residual GFR (ml/min per 1.73 m2)b 0.91 (0.81, 1.08) 0.96 (0.87, 1.07) 0.93 (0.79, 1.09) 0.01

Biochemical

Hemoglobin (g/dl) 9.45 � 1.90 9.20 � 1.58 8.92 � 1.62 0.2

Serum albumin (g/dl) 28.7 � 5.10 29.1 � 5.81 27.9 � 4.46 0.4

Plasma potassium (mmol/l) 4.15 � 0.60 4.06 � 0.61 3.82 � 0.59 0.004

Plasma calcium (mmol/l) 2.56 � 0.23 2.52 � 0.20 2.60 � 0.24 0.08

Plasma phosphate (mmol/l) 1.73 � 0.53 1.61 � 0.39 1.69 � 0.46 0.3

Intact PTH (pmol/l)b 42.8 (18.6, 62.8) 33.6 (13.1, 61.2) 50.7 (20.5, 53.9) 0.6

Total cholesterol (mmol/l) 5.53 � 1.22 5.30 � 1.16 0.36 � .1.21 0.5

HDL-cholesterol (mmol/l) 1.16 � 0.35 1.25 � 0.47 1.30 � 0.43 0.2

LDL-cholesterol (mmol/l) 3.50 � 0.96 3.17 � 0.94 3.17 � 1.03 0.08

Triglyceride (mmol/l) 2.13 � 1.74 2.10 � 1.46 2.03 � 1.22 0.9

hs-CRP (mg/l)b 1.99 (0.78, 7.91) 1.75 (0.80, 5.71) 3.86 (1.24, 11.2) 0.09

Interleukin-6 (pg/ml)b 8.05 (4.05, 18.15) 9.30 (5.30, 15.90) 10.2 (6.80, 19.20) 0.1

Fetuin-A (g/l) 0.32 � 0.06 0.31 � 0.06 0.30 � 0.08 0.6

Troponin (mg/l)b 0.03 (0.01, 0.14) 0.03 (0.01, 0.12) 0.08 (0.03, 0.17) 0.01

NT-pro-BNP (pg/ml)b 4455 (1722, 18,249) 5156 (2165, 13,395) 7973 (1894, 28,291) 0.3

Dietary intake

Fiber intake (g/d) 6.94 � 2.53 5.02 � 1.76 3.05 � 1.48 <0.001

Fiber intake density (g/d per 1000 kcal energy intake) 5.27 � 1.07 3.46 � 0.38 2.14 � 0.55 <0.001

Energy intake (kcal/kg per day) 22.9 � 7.46 26.5 � 9.54 24.4 � 8.83 0.05

Protein intake (g/kg per day) 1.07 � 0.41 1.16 � 0.49 1.08 � 0.44 0.4

BP, blood pressure; CrCl, creatinine clearance; GFR, glomerular filtration rate; HDL, high-density lipoprotein; hs-CRP, high sensitive C-reactive protein; LDL, low-density lipoprotein; LV,
left ventricular; NT-pro-BNP, N-terminal pro-brain natriuretic peptide; PCR, protein catabolic rate; PD, peritoneal dialysis; PTH, parathyroid hormone; RRF, residual renal function.
Fiber intake density defined as daily fiber intake adjusted per 1000 kcal energy intake.
aContinuous data are expressed as mean � SD unless specified otherwise.
bMedian (interquartile range).
Fiber intake density >4.10 g/d per 1000 kcal energy intake as upper tertile (reference group), 2.90 to 4.10 and <2.90 g/d per 1000 kcal energy intake as middle and lower tertiles,
respectively.
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Several biologically plausible mechanisms may
explain the association between higher fiber intake and
higher fiber intake density with a lower risk of MACE
in dialysis patients. First, high fiber intake favorably
Kidney International Reports (2019) 4, 814–823
modifies the gut microbiota populations, decreases gut
dysbiosis, improves the integrity of intestinal barrier,
and increases colonization of acetate-producing bacte-
ria or saccharolytic forms of bacteria in the gut, leading
819



Table 3. Multivariable Cox regression analysis of dietary fiber intake
in relation to first major adverse cardiovascular event

Variables
Unit

increase
Hazard ratio

(95% confidence intervals) P

Dietary fiber intake (g/d) 1 g/d 0.89 (0.81–0.97) 0.008

Serum albumin (g/dl) 1 g/dl 0.94 (0.89–0.98) 0.005

Diabetes mellitus Yes 1.79 (1.19–2.70) 0.005

Pulse pressure (mm Hg) 1 mm Hg 1.02 (1.01–1.03) 0.007

Background AVD Yes 1.73 (1.16–2.58) 0.007

Duration of dialysis (mo) 1 mo 0.99 (0.99–1.00) 0.04

Serum fetuin-A (mg/l) 1 mg/l 12.9 (0.64–261.6) 0.09

Cardiac troponin T (mg/l) 1 mg/l 2.60 (1.14–5.93) 0.02

NT-pro-BNP (pg/ml) 1 pg/ml 1.00 (1.00–1.00) <0.001

Left ventricular mass index (g/m2) 1 g/m2 1.00 (1.00–1.01) 0.06

AVD, atherosclerotic vascular disease; NT-pro-BNP, N-terminal-pro-brain natriuretic
peptide.
Out of the model including age, gender, residual glomerular filtration rate, high-
sensitivity C-reactive protein, interleukin-6, daily energy intake, and protein intake and
hemoglobin.
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to the release of short-chain fatty acids and acetate, into
the circulation and reduces the generation of colon-
derived uremic toxins including indoxyl sulfate and
p-cresol sulfate from the metabolism of tryptophan and
tyrosine, respectively.27,28 Dietary fiber in the form of
resistant starch has been shown to increase the ratio of
Bacteroides to Firmicutes and reduce the generation of
uremic solutes indoxyl sulfate and p-cresol sulfate in
adenine-induced CKD rats.29 In keeping with these
experimental data, vegetarians were noted to have at
least 50% less production of indoxyl sulfate and p-
cresol sulfate than in healthy individuals consuming an
unrestricted diet.30 In a recent small randomized trial of
hemodialysis subjects, resistant starch supplementation
was associated with reduced plasma levels of colon-
derived solutes indoxyl sulfate and possibly p-cresol
sulfate compared with control subjects, without the
need to intensify dialysis treatments.31 P-cresol sulfate
and indoxyl sulfate have both been related to overall
mortality and cardiovascular disease in the CKD and
dialysis population.32–34

In this study, dialysis patients having higher fiber
intake and higher fiber intake density were notably
associated with less cardiac hypertrophy, lower hs-CRP
and cardiac troponin T levels, and a trend toward
lower NT-pro-BNP, suggesting a possible link between
higher fiber intake with less myocardial injury and
inflammation. A recent study from hypertensive mice
showed that higher fiber diet and acetate supplemen-
tation significantly reduced systolic and diastolic blood
pressures, cardiac fibrosis, and cardiac hypertrophy.
Transcriptome analysis showed that the protective ef-
fects of high fiber and acetate were accompanied by
downregulation of cardiac and renal Egr1, which is a
master cardiovascular regulator involved in cardiac
hypertrophy, fibrosis, and inflammation.35 Although
this experimental data may not be directly translatable
820
to the dialysis population, it adds important mecha-
nistic insights on a possible link between higher fiber
intake, modulation of gut microbiota, and regulation of
cardiac hypertrophy and fibrosis and lends important
support for the novel observations from this study.
Reshaping the gut microbiota using dietary fiber may
emerge as a novel, potentially therapeutic strategy for
cardiovascular disease in CKD and dialysis patients and
warrants further investigation.

The other biologically plausible mechanism that
explains lower MACE risk with higher fiber intake and
higher fiber intake density in dialysis patients may
relate to the lower inflammatory response associated
with higher fiber intake, as supported by the current
finding. Several studies in the general population have
reported a similar, inverse relationship between higher
fiber intake and lower levels of inflammatory markers
such as CRP.36,37 In the National Health and Nutrition
Examination Survey data, higher fiber intake was
associated with lower inflammatory response and more
so in those with CKD. Every 10 g/d increase in total
fiber intake was associated with an 11% and 38%
decrease in the odds of having an elevated CRP in pa-
tients without and with kidney disease, respectively.12

Having an elevated CRP was well recognized to be
associated with an increased risk of mortality and
cardiovascular death in the dialysis population.38

Contrary to data from the general population suggest-
ing that increasing fiber intake may lower the risk of
cardiovascular disease by improving cholesterol
levels,24 this seems not to be the case in our dialysis
patients, as we did not find any significant relations
between fiber intake quantities and serum lipid profile.

The recommended daily dietary fiber intake of the
general population is 25 g for adult women and 30 g for
men by the American Dietetic Association,39 and 30 g
by the Australia and New Zealand National Medical
Research Council40 and British Nutrition Foundation.41

However, no recommendation has been specifically
drawn for the CKD and dialysis population. In this
study, the average daily fiber intake of our dialysis
patients was only 5 g, which was alarmingly low. This
finding may, however, not be surprising, as our pa-
tients are very often educated to restrict their intake of
fruits, vegetables, and whole grains because of potas-
sium and phosphate concerns. Further study is needed
to define the recommended fiber intake in the CKD and
dialysis population and whether the type of fiber may
differ in terms of their effects on cardiovascular out-
comes in this population.

Our study has several important strengths. First, it
was prospectively designed with comprehensive clin-
ical, biochemical, echocardiographic, and dialysis data
collection; the outcomes were purposely defined
Kidney International Reports (2019) 4, 814–823



Figure 1. Cumulative major adverse cardiovascular event-free survival probabilities in relation to (a) dietary fiber intake stratified by tertiles
and (b) fiber intake density stratified by tertiles. Dietary fiber intake >5.88 g/d as upper tertile (reference group), 3.71 g to 5.88 g/d as middle
tertile, and <3.71 g as lower tertile. Fiber intake density defined as grams of daily fiber intake adjusted per 1000 kcal energy intake. Fiber intake
density >4.10 g/d per 1000 kcal energy intake as upper tertile (reference group), 2.90 to 4.10, and <2.90 g/d per 1000 kcal energy intake as
middle and lower tertiles, respectively.
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a priori; and the study had a rather long follow-up
duration with no loss to follow-up. Second, we quan-
tified dietary fiber intake using a locally validated
Table 4. Multivariable Cox regression analysis of fiber intake density in r
Variables Unit increas

Serum albumin (g/dl) 1 g/dl

Diabetes mellitus Yes

Pulse pressure (mm Hg) 1 mm Hg

Background AVD Yes

Residual GFR (ml/min per 1.73 m2) 1 ml/min per 1.

Duration of dialysis (mo) 1 mo

Cardiac troponin T (mg/l) 1 mg/l

NT-pro-BNP (pg/ml) 1 pg/ml

Left ventricular mass index (g/m2) 1 g/m2

Fiber intake density (g/d adjusted per 1000 kcal energy intake)

vs upper tertile (ref group) Lower tertil

vs upper tertile (ref group) Middle terti

AVD, atherosclerotic vascular disease; GFR, glomerular filtration rate; NT-pro-BNP, N-termina
Fiber intake density defined as daily fiber intake in grams per day adjusted per 1000 kcal ene
Out of the model including age, gender, high-sensitivity C-reactive protein, fetuin-A, interleuki

Kidney International Reports (2019) 4, 814–823
7-day dietary questionnaire. Nevertheless, several
limitations are worth mentioning. First, we were not
able to make causal implications based on some of the
elation to first major adverse cardiovascular event
e Hazard ratio (95% confidence intervals) P

0.94 (0.90–0.98) 0.004

1.89 (1.26–2.83) 0.002

1.02 (1.01–1.04) 0.003

1.77 (1.19–2.54) 0.005

73 m2 0.90 (0.80–1.00) 0.06

0.99 (0.98–0.99) 0.02

2.86 (1.23–6.66) 0.05

1.000 (1.000–1.000) 0.003

1.0 (1.00–1.01) 0.08

e 1.78 (1.13–2.80) 0.01

le 1.15 (0.72–1.83) 0.6

l pro-brain natriuretic peptide.
rgy intake.
n-6, and hemoglobin.
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cross-sectional associations observed and there could
be reverse causality. That is, patients who had worse
health condition and cardiac status may have poorer
appetite and as a consequence, had lower overall intake
and also less willing to eat a more diverse diet or a diet
with higher fiber content. Second, our questionnaire
quantified the total fiber intake without differentiating
between soluble and insoluble fiber and without
identifying the food source of fiber, that is, whether it
is constituted by fruits, vegetables, resistant starch,
cereals, or others. This may be important information
to know as the effects of different types of fiber may
not be the same. Third, dietary recall had the limitation
of reporting bias and may under- or overestimate di-
etary intake and have measurement errors. Fourth, the
use of self-report and 1-time assessment of diet could
lead to misclassification bias. Because dietary intake
and all the other parameters were assessed only once at
baseline, we were not able to take into account changes
over time. It is possible that patients’ diet at baseline
may change during follow-up. Finally, there could be
residual confounding not accounted for in the multi-
variable Cox regression analysis.

In conclusion, higher fiber intake and higher fiber
intake density were independently associated with a
lower risk of MACE in the dialysis population. Our
novel findings call on the need for a large randomized
trial to further explore this inexpensive but important
lifestyle modification strategy for cardiovascular pro-
tection in the dialysis population.
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