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Abstract
BackgroundandobjectivesHigher fruit andvegetable intake is associatedwith lower cardiovascular andall-cause
mortality in the general population. It is unclear whether this association occurs in patients on hemodialysis, in
whom high fruit and vegetable intake is generally discouraged because of a potential risk of hyperkalemia. We
aimed to evaluate the association between fruit and vegetable intake and mortality in hemodialysis.

Design, setting, participants, & measurements Fruit and vegetable intake was ascertained by the Global Allergy
and Asthma European Network food frequency questionnaire within the Dietary Intake, Death and Hospital-
ization in Adults with ESKD Treated with Hemodialysis study, a multinational cohort study of 9757 adults on
hemodialysis, of whom 8078 (83%) had analyzable dietary data. Adjusted Cox regression analyses clustered by
country were conducted to evaluate the association between tertiles of fruit and vegetable intake with all-cause,
cardiovascular, andnoncardiovascularmortality. Estimateswere calculated as hazard ratioswith 95%confidence
intervals (95% CIs).

ResultsDuring amedian followupof 2.7 years (18,586 person-years), therewere 2082 deaths (954 cardiovascular).
Themedian (interquartile range) number of servings of fruit and vegetableswas 8 (4–14) per week; only 4% of the
study population consumed at least four servings per day as recommended in the general population. Compared
with the lowest tertile of servings per week (0–5.5, median 2), the adjusted hazard ratios for the middle (5.6–10,
median 8) and highest (.10, median 17) tertiles were 0.90 (95%CI, 0.81 to 1.00) and 0.80 (95%CI, 0.71 to 0.91) for
all-causemortality, 0.88 (95%CI, 0.76 to 1.02) and 0.77 (95%CI, 0.66 to 0.91) for noncardiovascularmortality and
0.95 (95% CI, 0.81 to 1.11) and 0.84 (95% CI, 0.70 to 1.00) for cardiovascular mortality, respectively.

Conclusions Fruit and vegetable intake in the hemodialysis population is low and a higher consumption is
associated with lower all-cause and noncardiovascular death.
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Introduction
People with end-stage kidney disease (ESKD) experi-
ence premature mortality and a life expectancy of an
average of 3–4 years once they commence dialysis (1).
Cardiovascular disease is the leading cause of mortality
in this population, accounting for about 40% of deaths
(1,2). Apart from kidney transplantation, no treatment
or preventive strategies have consistently been shown to
reduce mortality for people on long-term hemodialysis
(3–7). Novel and effective interventions are needed.

A healthy diet including at least four to five servings
of fruit and vegetables per day is widely recom-
mended for the prevention of major chronic diseases,
such as cardiovascular disease, diabetes, and cancer
(8–10). Evidence from observational studies suggests
an association between higher consumption of fruit
and vegetables and a 10%–20% lower risk of all-cause

mortality, largely driven by reducing cardiovascular
mortality (11–13). Biologic constituents of fruit and veg-
etables (such as vitamins, minerals, antioxidants, micro-
nutrients, and phytochemicals) may have additive and
synergistic cardioprotective effects, including reducing
oxidative stress and blood pressure, and improving the
lipoprotein profile and insulin sensitivity (14,15).
Emerging evidence suggests that a diet rich in fruit

and vegetables may be associated with lower mortal-
ity among adults with chronic kidney disease (CKD).
A recent systematic review of observational studies
showed that dietary patterns higher in fruit and
vegetables were associated with 30% lower all-cause
mortality among patients with mild to moderate CKD
(16). In patients with ESKD treated with hemodialysis, a
high consumption of these foods is generally discouraged
to prevent hyperkalemia (17). However, the effects of
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fruit and vegetables onmortality in this population have not
been examined. In this large-scale, multinational, prospec-
tive, cohort study, we evaluated the association of fruit and
vegetable intake with all-cause, cardiovascular, and non-
cardiovascular mortality among adults treated with hemo-
dialysis.

Materials and Methods
Study Design
This analysis was conducted as part of the Dietary Intake,

Death andHospitalization in Adults with ESKDTreatedwith
Hemodialysis (DIET-HD) study, a multinational, prospec-
tive, cohort study conducted in 11 countries. The study
design has been described elsewhere (18). This study is
reported according to the Strengthening the Reporting of
Observational studies in Epidemiology guidelines (19).

Participants
The DIET-HD study was conducted in Europe (France,

Germany, Italy, Hungary, Poland, Portugal, Romania, Spain,
Sweden, and Turkey) and South America (Argentina). Be-
tween January 2014 and January 2015, consecutive adults
receiving hemodialysis at selected clinics within a private
dialysis provider network were included. Eligible par-
ticipants were treated with long-term hemodialysis (at
least 90 days), were able to complete the food frequency
questionnaire, had a life expectancy of at least 6 months,
and were not scheduled for kidney transplantation
within 6 months of recruitment. Relevant institutional
ethics committees approved the study. Ethical approval
details are reported in the published protocol. Registered
at ClinicalTrials.gov NCT03125265NCT03125265. All par-
ticipants provided written and informed consent before
participation.

Baseline Characteristics
Baseline characteristics including sociodemographic,

clinical, laboratory and dialysis data within 1 month of
enrolment were extracted from a centralized, routinely
collected administrative database, coordinated by the di-
alysis provider, using data linkage with the study-specific
database. Data were provided by the participants’ treating
clinicians using medical records for laboratory data (e.g.,
hemoglobin, phosphorus, calcium, potassium) and clinical
characteristics (e.g., time on dialysis, comorbidities) and
participants’ self-reported surveys for lifestyle characteris-
tics. In particular, patients were asked how many times
they exercised during the week (never, irregularly, once a
week, more than once a week, or daily); whether they were
current smokers, former smokers (stopped ,1 year ago,
1–5 years ago, or .5 years ago) or they had never smoked;
what their highest level of education was (none, primary,
secondary, or university degree); and whether they had a
life partner (windowed, divorced, separated, or single).

Dietary Assessment
At baseline, each participant’s diet during the last 12

months was ascertained using the Global Allergy and
Asthma European Network (GA2LEN) food frequency
questionnaire, designed to assess dietary intake across

countries using a single, common and standardized in-
strument (20). The food frequency questionnaire was self-
reported during a routine hemodialysis treatment. Data
from the food frequency questionnaire were entered into
an electronic database using optical character recognition,
and linked to the centralized administrative database.
Standard food portion sizes were used to calculate daily
food intake (grams) following the recommendations from
the United Kingdom’s Food Standards Agency (21).
Macro- and micronutrient intakes were derived using
the latest available McCance and Widdowson’s Food
Composition Tables (22).
Fruit and vegetable consumption was assessed by asking

participants the following two questions: (1) “How often
did you eat any fresh fruit during the previous year?” and
(2) “How often did you eat any vegetables (excluding
potatoes) during the previous year?” Patients could choose
among eight predefined responses (ranging from rarely or
never to four or more times per day). These responses were
converted into average servings per week. Fruit and
vegetable intakes were considered both as combined and
separate intakes. Fruit juices were excluded from the total
fruit intake because of the different content of fiber and
sugar; legumes and potatoes were excluded from the total
vegetable intake because of the different carbohydrate and
energy compositions (10,23).

Outcomes
All-cause and cause-specific mortality outcomes were

obtained from the centralized administrative database
using data linkage. The outcomes were all-cause, cardio-
vascular, and noncardiovascular mortality. Deaths were
attributed as due to cardiovascular causes when they
were a sudden death or as due to acute myocardial
infarction, pericarditis, atherosclerotic heart disease, car-
diomyopathy, cardiac arrhythmia, cardiac arrest, valvular
heart disease, pulmonary edema, congestive cardiac fail-
ure, cerebrovascular accident including intracranial hem-
orrhage, ischemic brain damage/anoxic encephalopathy,
or hemorrhage from ruptured vascular aneurysm. Non-
cardiovascular mortality was defined as death due to
infection, cancer, liver disease, gastrointestinal disease,
metabolic disease, or other/unknown causes. All-cause
mortality was death from any cause. Mortality events had
been prospectively reported by the participants’ treating
clinicians, without knowledge of dietary intake, up to June
27, 2017. The causes of death were obtained from the death
certificates and recorded according to the United States
coding for the ESKD population (24,25).

Statistical Analyses
Participants were included in the analyses if their food

frequency questionnaire had ,20% missing answers, plau-
sible responses (total energy intake within 3 SD from the
log-transformed mean); complete data on fruit intake,
vegetable intake or both; and included a valid participant
identification code to enable data linkages. Patients with
missing data for either fruit or vegetables were deemed to
have zero intakes for either fruit or vegetables in the model
that considered both fruit and vegetables as a joint
exposure.Baseline characteristics were calculated as mean
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and SD or median and interquartile range, as appropriate
to their distribution for continuous variables, and as
numbers and percentages for categorical variables. Re-
stricted cubic splines were used to determine the linearity
between fruit and vegetable servings and mortality (26).
Person-time for each participant was calculated from the
date of the food frequency questionnaire administration to
the date of death (all-cause, cardiovascular, and noncar-
diovascular) or censoring for transfer outside the network,
kidney transplantation, transfer to peritoneal dialysis,
withdrawal from dialysis, recovery of kidney function,
being temporary out of the dialysis network, lost to follow-
up for other reasons, or end of the follow-up period. In
addition, in analyses of cardiovascular mortality, partici-
pants who died from noncardiovascular causes were
censored. Participants who died from cardiovascular cau-
ses were censored in the analysis of noncardiovascular
death. Univariable and multivariable Cox proportional
hazard regression analyses were fitted using a random
effects (frailty) model to account for clustering of mortality
risk within countries. The weekly servings of fruit and
vegetables, combined and separately, were modeled as
continuous variables (one serving increase) and catego-
rized into tertiles.Estimates of association were calculated
as hazard ratios (HRs) together with the 95% confidence
intervals (95% CIs), using the lowest tertile of intake as
reference category. The proportional hazards assumption
in Cox models was assessed by testing an interaction term
between the log (person-time) and the covariates in the
multivariable model. Effect modifications of the association
between servings of fruit and vegetables and mortality by
age and sex were tested using interaction terms in the
multivariable model. Backward elimination was used to
build three separate multivariable models, one for each

mortality outcome, selecting those variables (aside from
energy intake, smoking history, and physical activity,
which were clinically relevant variables specified a priori)
that were significantly associated with mortality (P,0.05)
or had a clinically meaningful effect on the HR for mortality
($10%). Accordingly, all analyses were adjusted for age,
sex, smoking (current or former versus never), daily
physical activity, prior myocardial infarction, vascular
access type (fistula or graft/catheter), body mass index
(categories according to World Health Organization),
serum albumin (tertiles), Charlson Comorbidity Index
score (quartiles), hemoglobin, and total energy intake
(1000 kcal/d increase). In addition to these variables,
analyses of all-cause mortality were adjusted for education,
life partner, primary underlying kidney disease, being
waitlisted for transplant, serum phosphorus and calcium,
time on dialysis, and Kt/V. Analyses of cardiovascular
mortality were adjusted for education (secondary versus
none/primary), diabetes, and serum phosphorus and calcium.
Analyses of noncardiovascular mortality were adjusted for the
underlying kidney disease and being waitlisted for transplant.
On the basis of the criteria mentioned above, other dietary
components (including servings per week of legumes, cereals,
dairy, white meat, red and processed meat, fish, and sweets;
grams per day of saturated and polyunsaturated fatty acids,
alcohol, cereal fiber, and sugar; and the Mediterranean diet
score [27], computed as indicative of a healthier whole diet)
were not considered as confounders and therefore were not
retained in the final models. Furthermore, we investigated the
effect of proteins found in fruit and vegetables (1 g/d increase),
using further adjustment for this intake in a separate model.
All of the analyses of fruit servings were adjusted for vegetable
servings and vice versa. For each categorical variable, an extra
category was included for missing data (data were missing at

Participants receiving
the Food Frequency Questionnaire

N=9757

Participants included in the analyses
N=8078 Censored

N=430

N=716

N=9

N=63

N=14

N=17

•  Transferred to out of network center

•  Kidney transplantation

•  Transferred to peritoneal dialysis

•  Withdrawal dialysis

•  Kidney function recovery

•  Vacation

•  Lost to follow-up N=57

N=1224

N=338

N=85

Excluded

•  Missing identification code 

•   20% missing answers

•  Implausible energy intake values

•  Missing data of any fruit and vegetables intake N=32

All-cause mortality N=2082

Cardiovascular mortality N=954

Non-cardiovascular mortality N=1128

Figure 1. | Flow chart showing the participation process, resulting in the inclusion of 8078 participants in analyses, and all censoring details.
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random) in the multivariable model, when necessary (smok-
ing, daily physical activity, diabetes, myocardial infarction,
education, life partner, underlying kidney disease, body mass
index, serum albumin, and being waitlisted for transplant). A
complete-case analysis was also conducted including only
those patients with complete data for covariates. Data for
outcomes were complete for the analyzed cohort.
The potential effect of competing events (deaths from

noncardiovascular mortality and kidney transplantation for
the analysis of cardiovascular mortality; deaths from cardio-
vascular mortality and kidney transplantation for the analysis
of noncardiovascular mortality; kidney transplantation for the
analysis of all-cause mortality) was considered using a strat-
ified proportional subdistribution hazard model.

All analyses were conducted using SAS v9.4. (2014; SAS
Institute, Cary, NC). A two-tailed P,0.05 was considered
to indicate statistical significance.

Results
A total of 9757 patients on hemodialysis were enrolled in

the study and completed the food frequency question-
naire. After excluding participants for whom the food
frequency questionnaire contained an erroneous or miss-
ing identification code (13%), insufficient or implausible
dietary responses (4%), or missing data for both any fruit
and vegetable intake (0.3%), 8078 (83%) remained in the
analysis (Figure 1).

Table 1. Baseline characteristics of participants in the Dietary Intake, Death and Hospitalization in Adults with ESKD Treated with
Hemodialysis (DIET-HD) study

Variable No. of Participants
with Data

Overall,
n=8078

Fruit and Vegetable Intake, Servings per wk

0–5.5,
n=2520

5.6–10,
n=2958

.10,
n=2600

Sociodemographic
Age, yr 8078 63 (15) 62 (15) 63 (15) 64 (15)
Men 8078 4678 (58) 1428 (57) 1753 (59) 1497 (58)
Life partner 6069 4108 (68) 1143 (67) 1541 (68) 1424 (68)
Secondary education 6066 2689 (44) 742 (42) 1033 (46) 914 (44)
Daily physical activity 6175 930 (15) 286 (16) 355 (15) 289 (14)
Waitlisted for transplant 8062 1489 (18) 511 (20) 526 (18) 452 (17)

Clinical characteristics
Current or former smoker 6256 2059 (33) 585 (33) 789 (34) 685 (32)
Body mass index, kg/m2 7870
Underweight, ,18.5 365 (5) 144 (6) 122 (4) 99 (4)
Normal range, 18.5–24.9 3294 (42) 1034 (42) 1208 (42) 1052 (42)
Preobese, 25.0–29.9 2646 (34) 822 (34) 954 (33) 870 (34)
Obese, $30.0 1535 (20) 450 (18) 584 (20) 501 (20)

Hypertension 7292 6196 (85) 1763 (84) 2311 (85) 2122 (86)
Diabetes 7255 2332 (32) 610 (29) 825 (30) 887 (36)
Myocardial infarction 7211 831 (11) 249 (12) 302 (11) 280 (11)
Stroke 7205 633 (9) 172 (8) 247 (9) 214 (9)
Charlson Comorbidity

Index score
8078 6 (4–8) 6 (4–7) 6 (4–8) 6 (5–8)

Laboratory variables
Albumin, g/dl 6139 4.0 (0.4) 4.0 (0.4) 4.0 (0.4) 4.0 (0.4)
Phosphorus, mg/dl 7837 4.7 (1.4) 4.7 (1.4) 4.7 (1.4) 4.6 (1.4)
Calcium, mg/dl 7838 8.9 (0.7) 8.9 (0.8) 8.9 (0.7) 9.0 (0.7)
Hemoglobin, g/dl 7837 11.1 (1.3) 11.1 (1.3) 11.1 (1.3) 11.1 (1.3)
Potassium, mEq/L 2353 5.0 (0.7) 5.1 (0.7) 5.0 (0.7) 5.0 (0.7)

Dialysis characteristics
Arteriovenous fistula 8019 6452 (80) 1998 (80) 2363 (80) 2091 (81)
Time on dialysis, yr 8078 3.6 (1.7–6.8) 3.8 (1.8–7.0) 3.7 (1.7–7.0) 3.4 (1.6–6.3)
Kt/V urea 7786 1.7 (0.3) 1.7 (0.4) 1.7 (0.3) 1.8 (0.4)

Dietary intake, servings per wk
Fruit 7967 5.5 (1.0–7.0) 1.0 (0.0–1.0) 5.5 (3.0–7.0) 14.0 (7.0–14.0)
Vegetables 7917 3.0 (1.0–5.5) 1.0 (0.0–1.0) 3.0 (3.0–3.0) 7.0 (5.5–7.0)
Legumes and nuts 8078 1.0 (0.5–3.0) 0.5 (0.0–1.0) 1.0 (0.5–3.0) 1.0 (0.5–3.5)
Cereals 8075 14.5 (8.0–18.5) 11.0 (4.0–16.0) 14.5 (8.0–18.0) 16.5 (11.0–20.5)
Dairy 8077 6.0 (2.0–10.0) 3.0 (1.0–7.5) 6.5 (3.0–10.0) 7.5 (3.0–12.5)
Fish and white meat 8074 3.0 (1.0–6.0) 1.5 (0.5–3.5) 3.0 (1.5–6.0) 4.0 (2.0–6.5)
Red meat and meat products 8032 3.0 (0.5–3.0) 1.0 (0.0–3.0) 3.0 (1.0–3.0) 3.0 (1.0–5.5)
Sweets and sweetened drinks 8078 14.0 (6.5–22.5) 10.5 (4.5–19.0) 14.5 (7.0–23.0) 15.0 (7.5–25.5)
Total energy intake, kcal 8078 2089 (1033) 1740 (936) 2064 (949) 2457 (1090)

Continuous data are expressed as mean (SD), median (25th, 75th quartile), or number (percentage). Body max index categories are
defined according to the World Health Organization.

Clin J Am Soc Nephrol 14: 250–260, February, 2019 Fruit and Vegetable Intake and Mortality in Hemodialysis, Saglimbene et al. 253



Baseline Characteristics
Table 1 presents the baseline characteristics of the study

population overall and by tertiles of baseline combined
intake of fruit and vegetables. The mean age of the cohort
was 63 years (SD 15 years). Overall, 58% were men, 33%
were former or current smokers, 15% engaged in daily
physical activity, 32% had diabetes, 12% had experienced
myocardial infarction, and 9% had experienced stroke.
Participants had been treated with hemodialysis for a
median of 3.6 years (interquartile range, 1.7–6.8 years).
The observed combined median (interquartile range)

intake of fruit and vegetables was 8.0 (4.0–14.0) servings
per week. The separate median intakes of fruit and
vegetables were 5.5 (1.0–7.0) and 3.0 (1.0–5.5) servings
per week, respectively. The distribution of fruit and
vegetable intake was similar across countries (Figure 2),
and far below the recommended intake for the prevention
of major chronic diseases in the general population (8–10)
(only 4% of the whole cohort consumed at least four
servings per day of these foods). The combined median
servings of fruit and vegetables ranged from 4.0 (1.5–8.0)
per week in participants from Turkey, to 12.5 (7.0–17.0) in
participants from Italy (Supplemental Table 1).
Participants in the highest tertile of combined fruit and

vegetable intake (more than ten servings per week, median
17.0) were older, more likely to have diabetes, and had
been treated with hemodialysis for a shorter time com-
pared with those in the lowest (0–5.5, median 2.0) and
middle (5.6–10.0, median 8.0) tertiles. In contrast, lifestyle
characteristics, such as smoking and physical activity, and
serum predialysis potassium levels were similar across
tertiles of intake (Table 1).

All-Cause Mortality
During a median follow up period of 2.7 years (18,586

person-years), 2082 participants died (Table 2), with an
overall event rate of 24%–27% across the three tertiles.
Compared with participants in the lowest tertile of com-
bined fruit and vegetable weekly servings, the adjusted
HRs for all-cause mortality among those in the middle and
highest tertiles were 0.90 (95% CI, 0.81 to 1.00) and 0.80

(95% CI, 0.71 to 0.91), respectively (P=0.002) (Figure 3,
Supplemental Table 2) (5% absolute risk reduction with the
highest intake). Compared with participants in the lowest
tertile of fruit weekly servings (0–1.0), the adjusted HRs for
all-cause mortality among those in the middle (1.1–6.0) and
highest (.6.0) tertiles were 0.92 (95% CI, 0.81 to 1.04) and
0.90 (95 CI, 0.80 to 1.02), respectively (P=0.22). Compared
with participants in the lowest tertile of vegetable weekly
servings (0–1.0), the adjusted HRs for all-cause mortality
among those in the middle (1.1–3.0) and highest (.3.0)
tertiles were 0.99 (95% CI, 0.88 to 1.11) and 0.91 (95% CI,
0.81 to 1.03), respectively (P=0.26) (Figure 3). Results were
similar when we additionally controlled for protein intake
from fruit and vegetables (Supplemental Table 3). Similar
findings were observed when accounting for the competing
risk of kidney transplantation and within a complete-case
analysis (including 3479 and 3360 participants in the
analysis of combined and separate fruit and vegetable
intakes, respectively) (Supplemental Table 4).

Cardiovascular Mortality
There were 954 cardiovascular deaths (Table 2), with an

overall event rate of 11%–13% across the three tertiles. The
adjusted HRs for cardiovascular mortality were 0.95 (95%
CI, 0.81 to 1.11) and 0.84 (95% CI, 0.70 to 1.00) for
participants in the middle and highest tertiles of combined
fruit and vegetable intake, respectively (P=0.14) (Figure 3,
Supplemental Table 2). Servings per week of fruit (adjusted
HRs for middle and highest tertiles of weekly servings: 1.01
[95% CI, 0.84 to 1.21] and 0.99 [95% CI, 0.83 to 1.19]; P=0.98)
or vegetables (1.02 [95% CI, 0.86 to 1.21] and 0.93 [95% CI,
0.78 to 1.12]; P=0.57) were not significantly associated with
cardiovascular mortality (Figure 3). Results were similar
when we additionally controlled for protein intake from
fruit and vegetables (Supplemental Table 3). Similar
findings were observed when accounting for the compet-
ing risk of noncardiovascular mortality and kidney trans-
plantation and within complete-case analyses (including
3904 and 3768 patients in the analysis of combined
and separate fruit and vegetable intakes, respectively)
(Supplemental Table 5).
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Table 2. Cause-specific death by tertiles of fruit and vegetable intake

Cause of death

Fruit and Vegetable Intake, Servings per wk

Overall 0–5.5 5.6–10 .10

N (%) Mortality Rate
per 1000 Person-yr N (%) Mortality Rate

per 1000 Person-yr N (%) Mortality Rate
per 1000 Person-yr N (%) Mortality Rate

per 1000 Person-yr

Cardiovascular 954 (46) 51 323 (48) 57 356 (46) 52 275 (44) 46
Infection 361 (17) 20 114 (17) 20 133 (17) 20 114 (18) 19
Cancer 158 (8) 9 48 (7) 8 65 (8) 10 45 (7) 7
Gastrointestinal 72 (3) 4 24 (3) 4 30 (4) 4 18 (3) 3
Liver disease 24 (1) 1 4 (0.6) 1 12 (2) 2 8 (1) 1
Withdrawal from dialysis 24 (1) 1 8 (1) 1 10 (1) 1 6 (1) 1
Metabolic 7 (0.3) 0.4 3 (0.4) 1 — — 4 (0.6) 1
Endocrine — — — — — —
Other 316 (15) 17 102 (15) 18 110 (14) 16 104 (16) 17
Unknown 166 (8) 9 53 (8) 9 56 (7) 8 57 (9) 9
All-cause 2082 (26) 112 679 (27) 120 772 (26) 114 631 (24) 105

Other causes of death include hemorrhage from vascular access or dialysis circuit (n=2), other hemorrhage (n=6), mesenteric infarction/ischemic bowel (n=22), bone marrow depression (n=2),
cachexia/failure to thrive (n=60), dementia including dialysis dementia and Alzheimer (n=9), seizures (n=1), chronic obstructive lung disease (n=14), complications of surgery (n=18), air
embolism (n=8), accident unrelated to treatment (n=16), suicide (n=2), and other unspecified (n=156). —, None.
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Noncardiovascular Mortality
There were 1128 noncardiovascular deaths (Table 2),

with an overall event rate of 14% across the three tertiles.
The adjusted HRs for noncardiovascular mortality were
0.88 (95% CI, 0.76 to 1.02) and 0.77 (95% CI, 0.66 to 0.91;
P=0.01) for participants in the middle and highest tertiles of
combined fruit and vegetable intake, respectively (Figure 3,
Supplemental Table 2) (3% absolute risk reduction with the
highest intake). Fruit intake was inversely associated with
noncardiovascular mortality (0.86 [95% CI, 0.73 to 1.02] and
0.81 [95% CI, 0.69 to 0.96]; P=0.04), whereas no significant
association was observed for vegetable intake (1.00 [95%
CI, 0.86 to 1.16] and 0.92 [95% CI, 0.78 to 1.08]; P=0.51)
(Figure 3). Results were similar when we additionally
controlled for protein intake from fruit and vegetables
(Supplemental Table 3). Similar findings were observed
when accounting for the competing risk of cardiovascular
mortality and kidney transplantation and within complete-
case analyses (including 4173 and 4027 patients in the
analysis of combined and separate fruit and vegetable
intakes, respectively) (Supplemental Table 6).

Discussion
In this study involving 8078 patients on hemodialysis

followed for nearly 3 years, during which 2082 died (26%),

the median combined intake of fruit and vegetables was
below ten servings each week. This intake was substan-
tially lower than the recommended value for prevention of
major chronic diseases in the general population and was
similar across all 11 countries in Europe and South America
participating in the study. Compared with an intake of
about two servings per week, increasing consumption of
fruit and vegetables to approximately 17 servings each
week (2–3 per day) was associated with a 20% lower risk of
all-cause mortality (5% absolute risk reduction) and death
due to noncardiovascular causes (3% absolute risk reduc-
tion). Evidence for an association between fruit and
vegetable consumption with cardiovascular death was
weaker and included the possibility of no effect.The burden
of accelerated cardiovascular disease leading to complica-
tions and premature death in ESKD is substantially higher
than for the general population. Accumulating evidence
suggests that an equally increased risk of noncardiovas-
cular mortality contributes to the observed excess mortality
among patients on hemodialysis (2,28,29). Infection and
cancer are the leading causes of noncardiovascular death in
hemodialysis. Higher fruit and vegetable consumption is
associated with reduced cancer mortality in the general
population (12). Therefore, it is plausible that a higher
frequency of fruit and vegetable intake may prevent
noncardiovascular mortality in patients on hemodialysis

Cardiovascular mortality Non-cardiovascular mortality All-cause mortality

Fruit and vegetables

Fruit

Vegetables

0 to 5.5 1.00 0.14 1.00 0.01 1.00 0.002

5.6 to 10 0.95 (0.81-1.11) 0.88 (0.76-1.02) 0.90 (0.81-1.00)

>10 0.84 (0.70-1.00) 0.77 (0.66-0.91) 0.80 (0.71-0.91)

0 to 1 1.00 0.98 1.00 0.04 1.00 0.22

1.1 to 6 1.01 (0.84-1.21) 0.86 (0.73-1.02) 0.92 (0.81-1.04)

>6 0.99 (0.83-1.19) 0.81 (0.69-0.96) 0.90 (0.80-1.02)

0 to 1 1.00 0.57 1.00 0.51 1.00 0.26

1.1 to 3 1.02 (0.86-1.21) 1.00 (0.86-1.16) 0.99 (0.88-1.11)

>3 0.93 (0.78-1.12) 0.92 (0.78-1.08) 0.91 (0.81-1.03)

0.50 1.0 2.00.50 2.01.00.50 1.0 2.0

aHR (95% CI) P value bHR (95% CI) P value cHR (95% CI) P value

Figure3. | Adjustedmortalityhazardratios (HRs) (95%CIs)by tertilesof fruit andvegetable intake (servingsperweek) showinganassociation
between higher combined intake of fruit and vegetables and lower all-cause mortality largely driven by noncardiovascular causes. HR
estimates for one servingperweek increaseof combined fruit andvegetable intakeare 0.99 (95%CI, 0.98 to1.00;P=0.05), 0.99 (95%CI, 0.98 to
0.99; P=0.001), and 0.99 (95% CI, 0.98 to 0.99; P#0.001) for cardiovascular, noncardiovascular, and all-cause mortality, respectively. HR
estimates for one serving perweek increase of fruit intake are 0.99 (95%CI, 0.97 to 1.00; P=0.13), 0.99 (95%CI, 0.97 to 1.00; P=0.03), and 0.99
(95% CI, 0.98 to 1.00; P=0.01) for cardiovascular, noncardiovascular, and all-cause mortality, respectively. HR estimates for one serving per
week increase of vegetable intake are 1.00 (95%CI, 0.98 to 1.02; P=0.63), 0.99 (95%CI, 0.97 to 1.00; P=0.12), and 0.99 (95%CI, 0.98 to 1.00;
P=0.13) for cardiovascular, noncardiovascular, and all-cause mortality, respectively. All analyses are adjusted for country (random effect), age,
sex, smoking (current or former versus never), daily physical activity, myocardial infarction, vascular access type (fistula versus graft/catheter),
body mass index (categories according to World Health Organization), albumin (tertiles), Charlson Comorbidity Index score (quartiles),
hemoglobin, and energy intake (1000 kcal/d increase). Analyses for fruit are adjusted for vegetables and vice versa. aAdditionally adjusted for
education (secondaryversus none/primary), diabetes, phosphorus, andcalcium. bAdditionallyadjusted for underlyingkidneydisease andbeing
waitlisted for transplant. cAdditionally adjusted for education (secondary versus none/primary), life partner, underlying kidney disease, being
waitlisted for transplant, phosphorus, calcium, time on dialysis, and Kt/V.
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by reducing the risk of cancer death. However, the number
of cancer deaths in our study was insufficient to test this
specific hypothesis.Traditional nutritional research within
the hemodialysis setting has been focused on individual
dietary nutrients, including protein, phosphate, sodium,
and potassium, rather than whole foods and dietary
patterns (16,30). Accordingly, no previous study has
evaluated the effect of fruit and vegetables on mortality
in patients on hemodialysis. However, our finding that
lower mortality is associated with greater consumption of
fruit and vegetables is consistent with research conducted
among the general population (11,12). Particularly, our
results are concordant with those from a recent large
international study (the Prospective Urban Rural Epide-
miology study) reporting a significant inverse association
between fruit and vegetable intake and noncardiovascular
mortality (31).Notably, fruit and vegetable consumption
observed in this multinational hemodialysis cohort was
substantially below the recommended intake for the pre-
vention of major chronic diseases in the general population.
This finding is expected when considering usual dietary
recommendations for patients with ESKD, for whom
consumption of fruit and vegetables is generally discour-
aged on the basis of a theoretical risk of exacerbation of
hyperkalemia (17). In some dialysis units, potassium-
binding resins are used to control hyperkalemia,
allowing a more liberal intake of fruit and vegetables.
However, these agents have shown poor adherence be-
cause of gastrointestinal intolerability and no clear asso-
ciation with mortality (32,33). Interestingly, patients
treated with hemodialysis seem to be adherent to the
recommended guidelines for fruit and vegetable consump-
tions. However, our findings that a higher consumption of
these foods is associated with good outcomes calls these
recommendations into questions, especially given the
paucity of evidence showing a direct relationship between
dietary intake of potassium and serum levels status
(34,35).
Our findings suggest that well meaning guidance to

limit fruit and vegetable intake to prevent higher dietary
potassium load may deprive patients on hemodialysis of
the potential benefits of these foods. As the evidentiary
basis for dietary fruit and vegetable consumption is
currently reliant on nonrandomized data, intervention
trials of fruit and vegetable intake are needed to support
dietary recommendations for patients on hemodialysis.
Future studies exploring the potential benefits of a whole-
diet approach in the hemodialysis setting are also war-
ranted.Our study has important strengths. The DIET-HD
study is a large, multinational study conducted in
patients on hemodialysis that assessed the effect of diet
as a potential determinant of health, which has been
identified as a research priority for patients with CKD,
their caregivers, and health care professionals (36). The
study included detailed measurements of dietary com-
ponents and demographic and lifestyle variables, en-
abling adjustment for potential confounders. The
inclusion of a diverse geographical population also
enhances the generalizability of our findings to compa-
rable higher-income countries.This study has several
potential limitations. We did not measure intermediary
outcomes that might offer explanatory pathways to

explain lower mortality, nor did we measure the in-
cidence of hyperkalemia. Data on potassium concentra-
tion of dialysis bath, urine output, and residual kidney
function were not available. Fruit and vegetable intake
was self-reported and comprised one single measure-
ment, which may have led to recall bias, measurement
bias, and misclassification of the exposure. The food
frequency questionnaire has been validated for the
general population against plasma phospholipid fatty
acids (20), but not compared with other dietary assess-
ment methods or within the hemodialysis setting. The
exclusion of participants with missing or erroneous
identification code, or incomplete or implausible food
frequency questionnaire data, may have resulted in
selection bias. Residual confounding from unmeasured
variables (such as kidney residual function) associated
with fruit and vegetable consumption cannot be ex-
cluded. Finally, incomplete adjudication of cause of death
may have led to misattribution of cardiovascular deaths
as noncardiovascular, although this should not have
affected our conclusions.
In conclusion, the intake of fruit and vegetables in the

hemodialysis population is far below the recommended
levels in the general population. At this low level of
intake, a higher consumption of fruit and vegetables may
reduce all-cause and noncardiovascular mortality. A ran-
domized trial evaluating potential benefits and harms of
fruit and vegetable consumption could provide stronger
evidence for effective dietary recommendations among
patients on hemodialysis.
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