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Abstract
High fibre intake is associated with reducedmortality risk in both general and chronic kidney disease populations. However, in dialysis patients,
such data are limited. Therefore, the association between dietary fibre intake (DFI) and the risk of all-cause and CVDmortality was examined in
this study. A total of 1044maintenance haemodialysis (MHD) patients from eight outpatient dialysis centres in China were included in this study.
Data on DFI were collected using 24-h dietary recalls for 3 d in a week and were normalised to actual dry weight. The study outcomes included
all-cause and CVD mortality. Over a median of 46 months of follow-up, 354 deaths were recorded, of which 210 (59 %) were due to CVD. On
assessing DFI as tertiles, the CVDmortality risk was significantly lower in patients in tertiles 2–3 (≥0·13 g/kg per d; hazard ratio (HR) 0·71; 95 % CI
0·51, 0·97) compared with those in tertile 1 (<0·13 g/kg per d). A similar but non-significant trend was found for the association between DFI
(tertiles 2–3 v. tertile 1; HR 0·83; 95 % CI 0·64, 1·07) and all-cause mortality. In summary, higher DFI was associated with lower CVDmortality risk
among Chinese MHD patients. This study emphasises the significance of DFI in MHD patients and provides information that is critical for the
improvement of dietary guidelines for dialysis patients.
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Patients with chronic kidney disease (CKD) have an increased
risk of hospitalisation and mortality. This is especially so for
patients with end-stage renal disease (ESRD)(1). According to
the 2018 annual report of the Renal Data System of the USA,
nearly two-thirds (63 %) of all existing patients of ESRD were
receiving haemodialysis therapy. This number will keep rising
due to an increase in the population of existing ESRD patients(2).
Over the years, the survival of patients on dialysis has improved.

However, only 57 % of haemodialysis patients survive 3 years
after the onset of ESRD. Notably, almost half of the deaths are
related to CVD(2,3). This high mortality provided an impetus to
identify more modifiable risk factors to improve the survival of
dialysis-dependent patients.

Dietary fibre comprises edible plant part of the diet that is
difficult to digest and cannot be absorbed in the human small
intestines(4). Dietary fibre is considered to be an important
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component of a healthy diet because it interacts with the gastro-
intestinal tract and positively affects the digestive system.
Considerable epidemiological evidence has revealed that high
dietary fibre intake (DFI) reduces the risk of several chronic dis-
eases such as CVD, type 2 diabetes, cancer, obesity and CKD(5,6).
Moreover, an inverse association between dietary fibre andmor-
tality was reported in general and CKDpopulations(7,8). It is note-
worthy that dialysis population is special among CKD patients.
This is because dialysis patients have a higher mortality rate and
stricter dietary restriction compared with patients with other
stages of CKD. Sometimes these patients have reverse epidemio-
logical phenomena. There is a need to explore the effect of
dietary fibre on mortality in dialysis patients. Notably, data on
the association between dietary fibre and mortality, especially
CVD mortality, in dialysis population are limited.

To address this gap in knowledge, the associations between
DFI and all-cause and CVD mortality were evaluated. Potential
effect modifications in patients undergoingmaintenance haemo-
dialysis (MHD) was assessed using data from a multicentre pro-
spective cohort study in China.

Method

Study design and participants

The design of this study and some of the results have been
reported previously(9,10). Briefly, this was a multicentre cohort
study conducted prospectively from January 2014 to December
2015 in eight outpatient dialysis centres, namely Nanfang
Hospital, The First People’s Hospital of Foshan, Huadu District
People’s Hospital of Guangzhou, Guangzhou Red Cross
Hospital, Jinan University First Affiliated Hospital, The Third
Affiliated Hospital of Southern Medical University, Southern
Medical University Affiliated Nanhai Hospital and Shenzhen
Second People’s Hospital. These centres are located in
Guangdong province in China.

The inclusion criteria for participants were ≥18 years, under-
gone MHD for a minimum of 90 d (prevalent haemodialysis
patients) and had a normal intake (not receiving enteral or paren-
teral nutrition). The exclusion criteria included history of physician-
diagnosed severe infection, serious gastrointestinal disease, hyper-
thyroidism, liver cirrhosis, multiple organ failure, cognitive disorder
ormalignant tumour at an advanced stage according toparticipants’
previous medical records, because these conditions may influence
dietary nutrient intake.

Overall, the information of 1302 patients was collected and
recorded in this cohort. However, we did not have a detailed
number of cases for patients who were excluded due to the
exclusion criteria. Furthermore, a total of 1044 patients were
included in the final analysis, after further excluding participants
who enrolled in the cohort twice (n 2), received peritoneal dialy-
sis (n 8), haemodialysis duration <3 months (n 163) and lacked
baseline biochemical parameters and Kt:V ratio data (n 85).

Possible events of endpoint and vital signs of participants
were recorded by physicians and trained research staff during
each follow-up visit. This study was approved by the medical
ethics committee of NanfangHospital, and all participants signed
informed consent before participating in the study.

Data collection and measurements

Demographic datawere collected by trained research staff as per
standard operating procedures. Data on age, sex, co-morbidities
(diabetes mellitus, hypertension, history of CVD), education
level, smoking status, alcohol consumption and duration of
dialysis were collected. Each participant was interviewed using
a standardised questionnaire specifically designed for this study.
Here the definition of diabetes mellitus was a past medical his-
tory of diabetes or the use of glucose-loweringmedication, while
that of hypertension was having a medical record of hyperten-
sion or using anti-hypertensive drugs. A history of CVD was
defined as a previous history of myocardial infarction, conges-
tive heart failure, angina, transient ischaemic attack or cerebro-
vascular accident and peripheral arterial disease. Patients
who had a recent history of smoking or drinking were defined
as having smoking status or alcohol consumption, respectively.

Physical examinations were carried out after dialysis when
the dry weight of the patient could be estimated. The measure-
ment of BMI was done using the formula: BMI = weight/height
squared (kg/m2).

Blood samples were obtained from patients prior to an hae-
modialysis session in mid-week at baseline. Biochemical param-
eters, including serum albumin, Ca, phosphate, creatinine, TAG
and C-reactive protein (CRP), were determined at each local
dialysis centre as per the standard protocol. Total Kt:V ratio
was calculated using the urea kinetic modelling (UKM) formula:

Kt:V= –ln (post-BUN/pre-BUN – 0·008 × t)
þ (4–3·5 × post-BUN/pre-BUN) ×UF/post-weight,

where UF is ultrafiltration, BUN is serum blood urea nitrogen and
t is effective dialysis time.

Dietary intakes were registered by trained interviewers using
a 24-h dietary recall that is known as the automatedmultiple pass
method. Data were collected on 3 d (2 non-dialysis days and 1
dialysis day) in 7 consecutive days. The 24-h dietary recall is a
relatively quick and systematic evaluation method to acquire
the recent information about the intake of food and is used
widely in epidemiologic research(11). The US Department of
Agriculture developed the automated multiple pass method,
which utilises a five-step, interviewer-administered, computer-
based procedure for obtaining diet recalls. Details of this dietary
assessment methodology have been published elsewhere(12,13).
The calculation of nutrient intake was based on a dietary soft-
ware, version 2.0 (Zhending). Nutrient models were sourced
from the Chinese food consumption table developed in 2009
by the Center for Disease Control and Prevention of China. The
dietary fibre intakewas from foods (cereals, vegetables and fruits),
not supplements. The intake of dietary fibre, protein and energy by
the participants was normalised to the actual dry weight of the
patient and presented in terms of g/kg per d and kJ/kg per d.

Study outcomes

All-cause mortality was defined as death from any cause,
whereas CVD mortality was defined as death from myocardial
infarction, heart failure, sudden cardiac death, stroke, cardio-
vascular haemorrhage and other vascular causes that are known.
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Mortalities were confirmed either from hospital-provided
death certificates or from a comprehensive consensus of the
experts if death occurred out of hospital. All patients were
followed up until death, transfer to kidney transplantation,
peritoneal dialysis, end of the latest survey (July 2019) or
censoring.

Statistical analysis

We assumed that the annual mortality rate among the partici-
pants with lower DFI was about 35 %, with a type I error rate
of 0·025; enrolled 300 participants in lower DFI group and 600
participants in higher DFI group; would provide >80 % power
to observe a hazard ratio (HR) of ≤0·75 for the comparison
between lower v. higher DFI groups during a follow-up of about
3·5 years. Thus, given the possible rate of loss to follow-up, a
sample size of about 1000 would be required.

Data are presented asmeans and standard deviations for con-
tinuous variables that are normally distributed, as medians and
interquartile ranges for continuous variables that are skewed,
and as frequencies and percentages for categorical variables. The
difference among the tertiles of DFI levels was tested for categorical
variables using the χ2 test, and theKruskal–Wallis test or ANOVA for
continuous variables as suitable.

Variables that are known as traditional or suspected risk fac-
tors for the prognosis of haemodialysis patients(14,15) or variables
that showed significant differences among different DFI levels
were chosen as covariates in this study. We first explored the
association between DFI and mortality using thin-plate regres-
sion splines in generalised additive models implemented by
the R package mgcv. Then univariate and multivariate Cox pro-
portional hazard regression models (HR (OR) and 95 % CI) were
used to evaluate the relation of DFI (tertiles and categories: tertile
1 v. tertiles 2–3) with all-cause and CVD mortality risk with and
without adjustment for age, sex, dialysis centres, education level,
smoking status, alcohol consumption, co-morbidities (diabetes,
hypertension, history of CVD), BMI, waist:hip ratio, Kt:V ratio,
dialysis duration, serum albumin, cholesterol, creatinine, CRP,
dietary energy intake (DEI) and dietary protein intake (DPI).
In Cox proportional hazards, time at risk was from the entry
of the study until death, transferring to kidney transplantation,
peritoneal dialysis or the end of the latest survey, whichever
came first. The proportional hazards’ assumption was checked
using statistical tests based on the scaled Schoenfeld residuals.
Kaplan–Meier estimates were used to generate survival curves,
and the log-rank test was applied to compare differences
between DFI categories (tertile 1 v. tertiles 2–3) in survival.
Furthermore, we added competing risk models to our analysis,
treating non-CVD death as a competing event of CVD death. In
competing risk models, cumulative incidence function was used
to generate survival curves, and the differences among groups
were recognised by Gray’s test using the R package cmprsk.
The Fine and Gray proportional sub-distribution hazard model
was performed to determine the 95 % CI and HR for CVDmortal-
ity associated with DFI using the R package mstate.

As additional exploratory analyses, possible modifications on
the association between DFI (tertile 1 v. tertiles 2–3) and mortal-
ity risk were also evaluated by stratified analyses and interaction
testing.

In all the analyses, a two-tailed P< 0·05 was regarded as
statistically significant. All analyses were conducted using
Empower (www.empowerstats.com) from X&Y Solutions Inc.
and R software (http://www.R-project.org), version 3.5.3.

Results

Study participants and baseline characteristics

As illustrated in the flowchart (Fig. 1), a total of 1302 MHD
patients participated in the survey, and 1044 patients were
included in the final analysis. The baseline characteristics were
similar among participants included and those not included in
the current study (online Supplementary Table 1).

Supplementary Fig. 1 shows the distribution of DFI in the par-
ticipants. Of the participants, 90 % consumed a value of DFI
<14 g/d. The study population’s baseline characteristics accord-
ing to the tertiles of DFI are shown in Table 1. In this study, the
average age of the participants was 54 (SD 15) years, and 58 % of
them were males. The mean DFI in the total population was
0·16 (SD 0·07) g/kg per d. Participants with higher DFI levels
tended to be younger, had lower BMI and waist:hip ratio and
had higher DEI, DPI and Kt:V ratio.

Association between dietary fibre intake and the risk of
outcomes

During a median follow-up duration of 46 months, all-cause
mortality occurred in 354 (34 %) participants and 210 (59 %)
deaths were due to CVD.

The association between DFI levels and CVD mortality
appeared to be non-linear (online Supplementary Fig. 2).
Accordingly, in the multivariable Cox regression analysis
(Table 2), when DFI was assessed as tertile, the adjusted HR
and 95 % CI of CVD mortality for participants in tertile 2 (0·13
to <0·18 g/kg per d) and tertile 3 (≥0·18 g/kg per d) were 0·72
(95% CI 0·51, 1·02) and 0·68 (95 % CI 0·45, 1·02), respectively,
compared with those in tertile 1. Consistently, a remarkably lower
CVD mortality risk was found in tertiles 2–3 (≥0·13 g/kg per d;
adjusted HR 0·71; 95 % CI 0·51, 0·97) compared with participants
in tertile 1. Similar results were found in the competing risk
analysis (online Supplementary Fig. 3 and Table 2). In the
Cox proportional hazard regression models for the association
between DFI (tertial 1 v. tertiles 2–3) and CVD mortality, no
clear evidence was found against the proportional hazards’
assumption (P = 0·966).

Kaplan–Meier curves of the cumulative event rate of CVD
mortality for DFI categories (tertial 1 v. tertiles 2–3) are shown
in Fig. 2. Consistently, the participants in tertiles 2–3 had a
remarkably lower risk of mortality due to CVD (HR 0·74;
95 % CI 0·56, 0·98) compared with those in tertile 1.

A similar but non-significant trend was found for all-cause
mortality (Fig. 2 and Table 2).

Stratified analysis of CVD mortality

Stratified analyses were conducted to assess the relationship
between DFI and CVD mortality risk in various subgroups. As
shown in Fig. 3, no variable significantly modified the correlation
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between DFI and CVD mortality for sex (male v. female), age
(<60 v. ≥60 years), history of CVD (yes v. no), diabetes (yes v.
no), BMI (<23 v. ≥23 kg/m2), CRP (<3 v. ≥3 mg/l)(16), DPI
(<1·2 v. ≥1·2 g/kg per d), DEI (<125·5 v. ≥125·5 kJ/kg per d),
albumin (<35 v. ≥35 g/l) and dialysis duration (<24 v.
≥24 months) (all values of P for interaction>0·05). Further strati-
fied analysis based on age, BMI, DPI and DEI tertiles also found
no interaction effect (online Supplementary Fig. 4).

Discussion

This multicentre prospective studywas the first to show that high
DFI correlated with a significantly decreased risk of CVDmortal-
ity after a follow-up of 46 months in MHD patients. Besides, the
relation between DFI and CVD mortality was independent of
sex, age, history of CVD, diabetes, BMI, CRP, DPI, DEI, albumin
and dialysis duration.

Several previous reports have shown an inverse correlation
between DFI and CVD mortality in general population. The
NIH-AARP Diet and Health Study found that the multivariate rel-
ative risk for mortality due to CVD in the highest quintile were
0·76 (95 % CI 0·68, 0·85) for men and 0·66 (95 % CI 0·55, 0·79)
for women compared to individuals in the lowest quintile of

DFI(17). A recent meta-analysis of twenty-two cohort studies
examining the association of DFI with CVD mortality reported
a 9 % reduction in mortality from CVD for each 7 g/d increase
in DFI(8). The present study extends the existing evidence by
demonstrating that the inverse association between DFI and
CVD deaths is also existent in MHD patients. Consistently, a
recent study in Hong Kong involving 127 peritoneal dialysis
patients showed that an increase of dietary fibre by 1 g correlated
with a reduced risk of major adverse cardiovascular events by 11
(95 % CI 0·81, 0·97) % after 18 months of follow-up(18).

The inverse association between DFI and CVD mortality in
MHD could be explained by different mechanisms. A part of
the protective effect of fibre intake in CVD mortality may be
attributed to its regulation of gut microbiota. Fibres could
decrease the generation of colon-derived uraemic toxins such
as p-cresol sulphate and indoxyl sulphate by modifying micro-
biota populations of the gut(19). Through dialysis, it is difficult
to get rid of these two uraemic toxins, which are related to
CVD events in dialysis population(20–22). Several small rando-
mised trials involving haemodialysis patients had reported that
supplementation with fibre correlates with reduced levels of
indoxyl sulphate and p-cresol sulphate in the plasma(23–25). In
addition, the well-proven health effects of dietary fibre, such
as inflammation status amelioration(7,26), blood lipid profile

1302 participants enrolled in the cohort (January 2014–

December 2015)

Excluded (n 173)

1129 enrolled

1044 included in the final analysis

(1) Enrolled in the cohort twice (n 2)

Excluded (n 85)

(1) Kt:V missing (n 68)

(2) CRP missing (n 13)

(3) Cholesterol missing (n 4)

(2) Peritoneal dialysis (n 8)

(3) Haemodialysis duration <3 months (n 163)

Fig. 1. Participant flowchart. CRP, C-reactive protein.
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improvement(27), blood pressure regulation(28,29) and glycaemic
control(30), may contribute to reduced CVD mortality by slowing
the progression of CVD.

Recommendations for fibre intake in the USA, Australia, New
Zealand and most European countries are about 25–35 g/d for
the general population(31). However, the recommendation for
the CKD population is inconclusive(32–34). Only some guidelines

recommend an exact value, such as that from the Italian Society
of Nephrology, which recommends a DFI of 20–30 g/d based on
a study that examined four different types of renal diets in the
CKD population. Guideline from the National Health and
Family Planning Commission of China recommends a DFI of
14 g/4184 kJ based on the recommended energy intake of
CKD patients(35,36). Current guidelines for dialysis patients lack

Table 1. Baseline characteristics of study participants according to dietary fibre intake (DFI) levels*
(Numbers and percentages; mean values and standard deviations; medians and interquartile ranges (IQR))

Variables

Tertile of DFI (g/kg per d)

P

Tertile 1 (<0·13) Tertile 2 (0·13–0·18) Tertile 3 (>0·18)

Mean SD Mean SD Mean SD

n 348 348 348
Demographics
Age (years) 55 15 55 15 52 15 0·02
Males 0·25

n 204 210 189
% 59 60 54

Education 0·14
Elementary school
n 105 112 92
% 30 32 26

Secondary school
n 194 197 195
% 56 57 56

University or equivalent
n 49 39 61
% 14 11 18

Smoking status 0·61
n 51 54 45
% 15 16 13

Alcohol consumption 0·26
n 8 15 15
% 2 4 4

Co-morbid conditions
Diabetes 0·66

n 95 97 87
% 27 28 25

Hypertension 0·74
n 294 301 299
% 84 86 86

CVD 0·98
n 67 66 68
% 19 19 20

BMI (kg/m2) 22·4 3·8 21·1 3·1 20·2 2·9 < 0·001
WHR 0·91 0·07 0·90 0·07 0·89 0·07 < 0·001
Laboratory results
Cholesterol (mmol/l) 4·1 1·1 4·2 1·2 4·1 1·1 0·89
Albumin (g/l) 37·8 3·7 38·1 3·9 38·4 3·7 0·06
CRP (mg/l) 0·09

Median 2·8 3·0 2·3
IQR 0·9–7·5 1·1–8·1 0·9–6·0

Creatinine (μmol/l) 1082·5 312·2 1100·5 310·7 1092·8 317·7 0·75
Dialysis duration (months) 0·52

Median 24 26 23
IQR 13–50 13–51 12–50

Kt:V ratio* 1·3 0·4 1·3 0·5 1·4 0·4 0·05
Dietary parameters
DEI (kJ/kg per d) 97·1 27·6 123·0 27·6 145·2 31·0 <0·001
DPI (g/kg per d) 0·9 0·3 1·1 0·3 1·3 0·4 <0·001
DFI (g/kg per d) 0·09 0·02 0·15 0·01 0·24 0·06 <0·001
DFI (g/d) 5·6 1·7 8·3 1·6 12·8 4·0 <0·001

WHR, waist:hip ratio; CRP, C-reactive protein; DEI, dietary energy intake; DPI, dietary protein intake; BUN, serum blood urea nitrogen; UF, ultrafiltration.
*Kt:V ratio, Kt represents the effective urea clearance and duration of dialysis, and V represents the volume of distribution of urea in the body, calculated as Kt:V= –ln (post-BUN/
pre-BUN – 0·008 × t)þ (4–3·5 × post-BUN/pre-BUN) × UF /post-weight, where t is effective dialysis time.
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specific recommendations for dietary fibre, and an optimal DFI
value for dialysis patients still remains to be determined. It was
notable that the mean fibre intake in our study was 8·9 g/d,
which was relatively low compared with the recommendation
from guidelines. Similarly, previous studies have found that
patients receiving dialysis consume significantly lower amounts
of dietary fibres compared with non-dialysis patients. These
studies reported a daily fibre intake of 5–16 g/d in the haemodial-
ysis population(37–40). Several factors are involved in the reduced
intake of fibre in dialysis population. One reason may be the
dietary restriction on vegetables and fruits, as patients receiving
dialysis were required to decrease K and phosphate intake in
order to prevent (or correct) hyperkalaemia and hyperphospha-
temia. This may lead to a simultaneous reduction in dietary
fibre(41). Besides, the loss of appetite due to side effects during

or after dialysis may also reduce fibre intake in these patients.
Our current study further revelled the poor status of fibre intake
and emphasised the significance of improving the intake of fibre
in MHD patients. More studies are required to elucidate the sug-
gested intake of fibre in dialysis and CKD populations.

Our study had several strengths that should be highlighted.
First, this was the first multicentre cohort study conducted pro-
spectively to explore whether the intake of dietary fibre corre-
lated with CVD mortality in MHD patients and which had a
comparatively long duration of follow-up with a large sample
size. Second, detailed information, such as patients’ characteris-
tics, co-morbidities and laboratory data, was collected. Dietary
nutrients were also quantified by a validated 24-h dietary recall
thrice rather than a single assessment. Finally, the association
between DFI and mortality (CVD and all-cause) was examined

Fig. 2. Kaplan–Meier estimates of all-cause mortality (a) and CVD mortality (b) according to dietary fibre intake categories. Tertile 1; tertile 2

Table 2. Univariate and multivariate Cox regression analyses of dietary fibre intake (DFI) in relation to mortality
(Hazard ratios (HR) and 95 % confidence intervals)

DFI (g/kg per d) Events (no.) %

Crude Adjusted*

HR 95% CI P HR 95% CI P

All-cause mortality
Tertiles

T1 (< 0·13) 127 36 1·0 (Ref) – 1·0 (Ref) –
T2 (0·13–0·18) 117 34 0·90 0·70, 1·16 0·43 0·81 0·61, 1·07 0·13
T3 (>0·18) 110 32 0·82 0·64, 1·06 0·13 0·86 0·63, 1·18 0·35

Categories
T1 (<0·13) 127 36 1·0 (Ref) – 1·0 (Ref) –
T2–T3 (≥0·13) 227 33 0·86 0·69, 1·07 0·18 0·83 0·64, 1·07 0·15

CVD mortality
Tertiles

T1 (<0·13) 83 24 1·0 (Ref) – 1·0 (Ref) –
T2 (0·13–0·18) 69 20 0·82 0·60, 1·13 0·22 0·72 0·51, 1·02 0·07
T3 (>0·18) 58 17 0·67 0·48, 0·93 0·02 0·68 0·45, 1·02 0·07

Categories
T1 (< 0·13) 83 24 1·0 (Ref) – 1·0 (Ref) –
T2–T3 (≥ 0·13) 127 18 0·74 0·56, 0·98 0·03 0·71 0·51, 0·97 0·04

Ref, reference.
* Adjusted for dialysis centre, age, sex, education level, smoking status, alcohol consumption, dietary energy intake, dietary protein intake, BMI, waist:hip ratio, albumin, cholesterol,
C-reactive protein (log-transformed), creatinine, dialysis duration, Kt:V ratio and history of hypertension, diabetes and CVD.
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and a comprehensive adjustment including of total energy and
protein intake was made to minimise bias.

This study also had some limitations that should be
addressed. First, as an observational study, residual confounding
cannot be ruled out due to interference from factors that we did
not determine, such as race/ethnicity, genetic factors and trime-
thylamine-N-oxide. However, our current study only included
the Chinese and did not have detailed genetic information.
Moreover, the relation between trimethylamine-N-oxide and
mortality risk in MHD patients is inconclusive(42,43) and remains
to be studied. Second, only patients with normal intake were
included in this study; the results may not be applicable to
patients receiving enteral or parenteral nutrition. The association
between DFI andmortality in these patients needed to be further
examined. Third, the assessment of each parameter was done at
baseline, only once. More frequent measurements would have
allowed a more accurate assessment of the DFI and mortality
association. Fourth, our study could not distinguish dietary fibre
into insoluble and soluble fibre and could not determine the
respective food source. Different types and sources of fibre
may have different effects on the prognosis of patients with

MHD, which still needs to be verified. Finally, participants in
our study had relatively lower fibre intake levels. Due to these
limitations, confirmation of our findings through further studies
is essential.

In conclusion, we first demonstrated that a higher intake
of dietary fibre significantly correlated with a reduced risk of
CVD mortality in MHD patients. These results provide new
insights into the benefits of DFI in MHD patients. Future rando-
mised clinical trials are needed to further explore this
association.
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