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Multinational Cohort Study

Valeria M. Saglimbene,1,2 Germaine Wong,1,3,4 Jonathan C. Craig,1,3

Marinella Ruospo ,2,5 Suetonia C. Palmer,6 Katrina Campbell ,7 Vanessa Garcia-Larsen,8

Patrizia Natale,2,9 Armando Teixeira-Pinto,1,3 Juan-Jesus Carrero,10 Peter Stenvinkel,11

Letizia Gargano,2 Angelo M. Murgo,2 David W. Johnson,12,13 Marcello Tonelli,14

Rubén Gelfman,2 Eduardo Celia,2 Tevfik Ecder,2 Amparo G. Bernat,2 Domingo Del Castillo,2

Delia Timofte,2 Marietta Török,2 Anna Bednarek-Skublewska,2,15 Jan Duława,2,16

Paul Stroumza,2 Susanne Hoischen,2 Martin Hansis,2 Elisabeth Fabricius,2 Paolo Felaco,17

Charlotta Wollheim,2 Jörgen Hegbrant,2 and Giovanni F.M. Strippoli1,2,9,18

Due to the number of contributing authors, the affiliations are listed at the end of this article.

ABSTRACT
Background Mediterranean and Dietary Approaches to Stop Hypertension (DASH) diets associate with
lower cardiovascular and all-cause mortality in the general population, but the benefits for patients on
hemodialysis are uncertain.

MethodsMediterranean andDASHdiet scoreswerederived from theGA2LENFoodFrequencyQuestionnaire
within theDIET-HD Study, amultinational cohort study of 9757 adults on hemodialysis.We conducted adjusted
Cox regression analyses clustered by country to evaluate the association between diet score tertiles and all-
cause and cardiovascular mortality (the lowest tertile was the reference category).

Results During the median 2.7-year follow-up, 2087 deaths (829 cardiovascular deaths) occurred. The adjusted
hazard ratios (95% confidence intervals) for the middle and highest Mediterranean diet score tertiles were 1.20
(1.01 to 1.41) and 1.14 (0.90 to 1.43), respectively, for cardiovascular mortality and 1.10 (0.99 to 1.22) and 1.01
(0.88 to 1.17), respectively, for all-cause mortality. Corresponding estimates for the same DASH diet score
tertiles were 1.01 (0.85 to 1.21) and 1.19 (0.99 to 1.43), respectively, for cardiovascular mortality and 1.03
(0.92 to 1.15) and 1.00 (0.89 to 1.12), respectively, for all-cause mortality. The association between DASH diet
score andall-causedeathwasmodifiedbyage (P=0.03); adjustedhazard ratios for themiddle andhighestDASH
diet score tertiles were 1.02 (0.81 to 1.29) and 0.70 (0.53 to 0.94), respectively, for younger patients (#60 years
old) and 1.05 (0.93 to 1.19) and 1.08 (0.95 to 1.23), respectively, for older patients.

Conclusions Mediterranean and DASH diets did not associate with cardiovascular or total mortality in
hemodialysis.

J Am Soc Nephrol 29: ccc–ccc, 2018. doi: https://doi.org/10.1681/ASN.2018010008

Patients treatedwith hemodialysis experience a very
high mortality risk. The annualized incidence of
mortality is 10%–20%, which is at least ten times
higher than that in the general population. Cardio-
vascular disease accounts for about 40% of
deaths.1–5 Despite decades of research, there is no
high-quality evidence that specific treatments or
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preventative strategies reduce mortality in this setting.6–10 Ac-
cordingly, there is an unmet need for effective interventions
that reduce cardiovascular events and mortality among the
hemodialysis population.

Lifestyle modification, including healthy diets and exercise,
has beneficial effects on cardiovascular risk factors, such as
hypertension, insulin resistance, and dyslipidemia, in the gen-
eral population.11–13 Recommended diets, including theMed-
iterranean and the Dietary Approaches to Stop Hypertension
(DASH) diets, which emphasize the intake of fruits, vegeta-
bles, fish, and low-fat dairy and reduced intake of meat, re-
fined sugars, salt, and saturated fat, are associated with
10%–30% lower risk of cardiovascular disease and mortality
in the general population.14–18 These benefits may be attrib-
uted to improved serum lipids, BP, insulin resistance, inflam-
mation, oxidative stress, arterial stiffness, and endothelial
function.19–22

Emerging evidence suggests that these diets may also im-
prove survival in the CKD population. A recent systematic
review of observational studies showed that dietary patterns
resembling theMediterranean andDASHdiets were associated
with 30% lower all-cause mortality among patients with mild
to moderate CKD.23 However, for patients treated with
chronic hemodialysis, the benefits of Mediterranean and
DASH diets have not been examined.23,24 We evaluated the
association between these dietary patterns and the risk of
death (cardiovascular and all-cause mortality) among adults
treated with hemodialysis.

METHODS

Study Design
The Dietary Intake, Death and Hospitalization in Adult with
ESKD Treated with Hemodialysis (DIET-HD) Study is a mul-
tinational, prospective cohort study that aimed to evaluate the
association between diet and clinical outcomes for adults treat-
ed with long-term hemodialysis. The study protocol has been
described in detail elsewhere.25 This study was reported ac-
cording to the Strengthening the Reporting of Observational
Studies in Epidemiology guidelines.26

Study Population
Consecutive patients treated in selected clinics within a private
dialysis provider network in Europe (France, Germany, Italy,
Hungary, Poland, Portugal, Romania, Spain, Sweden, and Tur-
key) and South America (Argentina) were invited to partici-
pate. Patients were included if they were adults treated with
hemodialysis for at least 90 days. They were excluded if they
were unable to complete the Food Frequency Questionnaire
(FFQ), had a life expectancy ,6 months, or were likely to
receive a kidney transplant within 6 months of baseline data
collection. Ethics approval was obtained from all relevant in-
stitutional ethics committees, and the study was conducted

according to the Declaration of Helsinki. All participants pro-
vided written informed consent before data collection.

Covariates of Interests
Baseline characteristics (sociodemographic, clinical, and di-
alysis related) within 1 month of enrolment were extracted
from an administrative centralized patient database using
data linkage. All clinical sites adhered to the same standard
operating procedures in assessing and recording the variables
of interest.

Dietary Assessment
Dietary intake of 260 foods grouped in 32 sections was ascer-
tainedusing theGlobalAllergy andAsthmaEuropeanNetwork
(GA2LEN) FFQ27 administered during a routine hemodialysis
treatment. The GA2LEN FFQ was specifically designed to fa-
cilitate international comparisons in dietary intake using a
single common and standardized instrument.27 Data from
the FFQ were entered into an electronic database using optical
character recognition and linked to baseline and outcomes
data within the centralized patient database. Patients reported
how often they had consumed the foods during the previous
year using eight predefined options (rarely or never; one to
three times per month; one, two to four, or five to six times per
week; one, two to three, or four or more times per day).
Responses to the individual food items were combined to
compute the total intake of each food group related to the
Mediterranean and DASH diets. The frequency of reported
food intake was converted into daily grams using standard
food portion sizes following the recommendations from the
United Kingdom Food Standards Agency.28 Macro- and mi-
cronutrient intake was derived using McCance and Wid-
dowson Food Composition Tables.29

Assessment of Mediterranean and DASH Diets
Population-based quality scores reflecting the Mediterranean
and DASH diets were calculated from the FFQ using standard-
ized indices derived on the basis of data from the general pop-
ulation. Higher scores indicated food intake more consistent
with these diets.30,31

Significance Statement

People with ESKD treated with hemodialysis experience an annual
mortality risk of 10%–20%, largely due to cardiovascular causes,
with no interventions of proven benefit available to date. Medi-
terranean and Dietary Approaches to Stop Hypertension (DASH)
diets are associated with reduced mortality in the general pop-
ulation, but their effects in patients on hemodialysis are uncertain.
The findings of this cohort study involving 9757 patients on he-
modialysis over 3 years showed that there was no association be-
tween these diets and cardiovascular or all-cause mortality. These
findings provide new knowledge on the potential effect of diet
quality on clinical outcomes and suggest that dietary patterns that
are protective in the general population do not predict better car-
diovascular outcomes in patients on hemodialysis.
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The Mediterranean diet score was applicable to both Medi-
terranean and non-Mediterranean countries and ranked partic-
ipants according to the intake of nine food components (grams
per day).30 For vegetables, fruit, legumes, cereals, and fish and
the ratio ofmonounsaturated and polyunsaturated fatty acids to
saturated fatty acids (putative beneficial components), an intake
at or above the sex-specific median was scored as one, and an
intake below the sex-specific medianwas scored as zero. Reverse
scoring was used for dairy and meat (putative detrimental com-
ponents). Consumption of alcohol from 10 to 50 g/d for men
and from 5 to 25 g/d for women was scored one; otherwise, the
score was assigned as zero. The component scores were summed
to obtain an overall diet score that ranged fromzero to nine, with
higher scores indicating better reported consistency with aMed-
iterranean diet. (Supplemental Table 1).

For the DASH diet score, participants were ranked on the
intake of eight food components (servings per day).31 The intake
of vegetables, fruits, legumes, and low-fat dairy products was
scored from one to five on the basis of distribution in sex-specific
quintiles. The lowest quintile was scored as one, and the highest
quintile was scored as five. Reverse scoring was used for red and
processed meat and sodium. Compared with the previously de-
veloped score, the intake of sweetened beverages and whole
grains was too low to be ranked in quintiles. Therefore, the intake
of sweetened beverages was scored from one to three on the basis
of distribution in sex-specific tertiles (the lowest tertilewas scored
as three, and the highest was scored as one). The consumption of
whole grains was scored as one, whereas no whole grain con-
sumption was scored as zero. The overall diet score ranged from
seven to 34, with higher scores indicating better reported consis-
tency with a DASH diet (Supplemental Table 2).

Outcomes
Cardiovascular mortality was defined as sudden death or
death attributed to acute myocardial infarction, pericarditis,

atherosclerotic heart disease, cardiomyop-
athy, cardiac arrhythmia, cardiac arrest,
valvular heart disease, pulmonary edema,
or congestive cardiac failure. All-cause
mortality was death from any cause. The
causes of death were obtained from the
death certificates, which were filled in
and adjudicated by the participants’ treat-
ing clinicians without any knowledge of
the diet scores. The causes of death were
recorded according to the United States
coding for the ESKD population and col-
lected in a centralized database that was
linked via deterministic linkage using the
same identifier in the FFQ data.

Statistical Methods
Participantswere excluded if their FFQcon-
tained an erroneous or missing identifica-
tion code that prevented data linkage with

their baseline and outcomes data, 20% or more missing re-
sponse data, or biologically implausible values for total energy
intake (above or below 3 SD from the log-transformed mean)
(Figure 1).

Continuous variables at baseline were summarized using
means and SDs or medians and interquartile ranges as appro-
priate to their distribution. Categorical variables were calcu-
lated using frequencies and percentages. Restricted cubic
splines were used to determine the linearity between diets
scores and mortality, and no deviance from linearity was ob-
served. Person-time for each participant was calculated from
the date of the FFQadministration to the date of cardiovascular
or all-causemortality. In the time to event analyses for all-cause
mortality, patients who had left the dialysis network, under-
went kidney transplantation, transferred to peritoneal dialysis,
had withdrawn from dialysis, had recovery of kidney function,
went on vacation outside the network, were lost to follow-up,
or surviveduntil theendof the follow-upperiodwerecensored.
For analyses of cardiovascularmortality, patients who had died
from noncardiovascular causes were also censored. Univaria-
ble andmultivariableCoxproportionalhazard regression anal-
yses were fitted using a random effect model (frailty model) to
account for clustering ofmortality risk within countries. Med-
iterranean and DASH diet scores were categorized into tertiles
to be used in the models on the basis of their distribution. To
assess the contribution of each food component of the Med-
iterranean and DASH diets, we simultaneously modeled each
component individually as a continuous variable. Results were
presented as hazard ratios (HRs) and the associated 95% con-
fidence intervals (95% CIs) using the lowest tertile as the ref-
erence category.Ordinal trends in cardiovascular andmortality
risk across diet scores tertiles were tested by modeling a cate-
gorical variablewith themedianvalue foreach score tertile.The
proportional hazards assumption in Cox models was assessed
by fitting log (time)-dependent covariates in the multivariable

Figure 1. Study flow chart showing the process resulting in the inclusion of 8110
participants in analyses and all censoring details.
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Table 1. Baseline characteristics of participants

Variable No. of Participants with Data Mean (SD), Median (IQR), or n (%)

Sociodemographic
Age, yr 8110 63.1 (15.0)
#60 3059 (37.7)
.60 5051 (62.3)

Men 8110 4691 (57.8)
Country 8110
Portugal 1777 (21.9)
Argentina 1204 (14.9)
Turkey 1107 (13.7)
Spain 1041 (12.8)
Romania 1000 (12.3)
Hungary 554 (6.8)
Italy 543 (6.7)
Poland 434 (5.4)
France 221 (2.7)
Germany 178 (2.2)
Sweden 51 (0.6)

Married/life partner 6095 4127 (67.7)
Secondary education 6090 2699 (44.3)
Daily physical activity 6199 934 (15.1)
Waitlisted for transplant 8094 1496 (18.5)

Clinical characteristics
Current or former smoker 6280 2068 (32.9)
Body mass index, kg/m2 7872
Underweight (,18.5) 365 (4.6)
Normal range (18.5–24.9) 3309 (42.0)
Preobese (25.0–29.9) 2659 (33.8)
Obese ($30.0) 1539 (19.6)

Hypertension 7320 6219 (85.0)
Diabetes 7283 2332 (32.0)
Angina 6965 1030 (14.8)
Congestive heart failure 7275 1388 (19.1)
Myocardial infarction 7239 838 (11.6)
Stroke 7233 634 (8.8)
Pulmonary disease 8110 940 (11.6)
Depression 7221 757 (10.5)
Gastrointestinal disease 8110 1763 (21.7)
Cancer 8110 1045 (12.9)
Charlson comorbidity score 8110 6 (4–8)

Medications
Antihypertensive 8110 2471 (39.4)
Statin 6225 2316 (37.2)

Laboratory variables
Albumin, g/L 6167 39.8 (3.8)
Phosphorus, mg/dl 7869 4.7 (1.4)
Calcium, mg/dl 7870 8.9 (0.7)
Hemoglobin, g/dl 7869 11.1 (1.3)

Dialysis characteristics
Arteriovenous fistula 8051 6481 (80.5)
Time on dialysis, yr 8108 3.6 (1.7–6.8)
Kt/V urea 7818 1.7 (0.3)

Dietary intake (self-reported servings per day)
Cereals 8108 2.3 (1.2–3.3)
Fruits 8107 2.5 (1.4–4.4)
Vegetables 8109 3.6 (2.2–5.9)
Legumes and nuts 8110 0.3 (0.1–0.6)
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model. Effect modification of the association between diet
scores andoutcomesbyprespecified covariates (age, sex, smok-
ing history, andmyocardial infarction) was tested by introduc-
ing interactions terms in the multivariable model.

Backward elimination was used to select covariates for inclu-
sion in the multivariable models, retaining those (aside from
energy intake, sex, and physical activity) that predicted cardio-
vascular or all-cause mortality (P,0.05) or with a clinically
meaningful effect on theHR for these outcomes of the diet score
($10%). Analyses of cardiovascular mortality were, therefore,
adjusted for age, sex, daily physical activity, education (second-
ary versus none/primary), diabetes, smoking (current or former
versus never), myocardial infarction, vascular access type (fistula
versus graft/catheter), body mass index (categories according to
the World Health Organization), albumin (tertiles), Charlson
comorbidity score (quartiles), serum phosphorus, calcium, he-
moglobin, urea clearance (Kt/V), and energy intake (per
1000-kcal/d increase). In addition to these variables, analyses
of all-causemortality were also adjusted for having a life partner,
being waitlisted for transplant, and time on dialysis. For each
categorical variable, an extra category was included for missing
data in the multivariable model when necessary (education,
smoking, diabetes, myocardial infarction, serum albumin, and
body mass index). A complete patient analysis was also conduc-
ted including only those patients with complete data for diet
scores, covariates, and outcomes.

The potential relevance of competing events (death from
other causes and kidney transplantation for the analysis of
cardiovascular mortality; kidney transplantation for the anal-
ysis of all-cause mortality) was considered using a stratified
proportional subdistribution hazard model. Finally, to reduce
the risk of reverse causality, the multivariable random effect
analyses were repeated after excluding the first 12 months of
follow-up in sensitivity analyses. All analyses were conducted
using SAS 9.4 (SAS Inc.). A two-tailed P,0.05 was used as an
indication of statistical significance.

RESULTS

Overall, 9757 patients on hemodialysis were recruited between
January 2014 and January 2015. The final patient assessment

occurred for outcome data on June 27, 2017; 8110 (83%) were
included in the analyses after exclusion of patients with an
erroneous or missing identification code (n=1224; 13%) and
those with insufficient or implausible dietary responses
(n=423; 4%) (Figure 1).

Baseline Characteristics
Themean age of participantswas 63.1 years old (SD=15.0 years
old). Overall, more than one half were men (58%), nearly one
third (33%) were former or current smokers, 15% engaged in
daily physical activity, 32%haddiabetes, and12%had ahistory
of myocardial infarction. Participants’median time on hemo-
dialysis was 3.6 years (interquartile range, 1.7–6.8) (Table 1).
The mean (SD) values of the Mediterranean and DASH diet
scores were 4.1 (1.6) on a zero- to nine-point scale and 20.5
(3.7) on a seven- to 34-point scale, respectively. The distribu-
tions of diet scores were similar among countries. The Med-
iterranean diet score ranged from 3.0 (1.4) in Germany to 5.3
(1.5) in Italy; the DASH diet score ranged from 18.2 (3.4) in
Sweden to 23.1 (3.2) in Turkey (Supplemental Table 3).

Cardiovascular Mortality
During amedian follow-up of 2.7 years (18,666 person-years),
there were 2087 deaths (26%), of which 829 (40%) were at-
tributable to cardiovascular causes (Supplemental Table 4).
The distributions of the Mediterranean (Figure 2A) and
DASH (Figure 2B) diet scores among patients who died
from cardiovascular causes were similar to those of patients
who survived until the end of the follow-up (Figure 2). Over-
all, there was no evidence of an association between Mediter-
ranean or DASH diet and cardiovascular mortality. Compared
with patients in the lowest Mediterranean diet score tertile
(zero to three), the adjusted HRs for cardiovascular mortality
among those in the middle (four to five) and highest (six or
more) score tertiles were 1.20 (95% CI, 1.01 to 1.41) and 1.14
(95% CI, 0.90 to 1.43), respectively (P value per trend =0.11).
Compared with patients in the lowest DASH diet score tertile
(eight to 19), the adjusted HRs for cardiovascular mortality
among those in the middle (20–22) and highest ($23) tertiles
were 1.01 (95% CI, 0.85 to 1.21) and 1.19 (95% CI, 0.99 to
1.43), respectively (P value per trend =0.12). Similar findings
were observed when considering the competing risk of other

Table 1. Continued

Variable No. of Participants with Data Mean (SD), Median (IQR), or n (%)

Dairy 8110 1.4 (0.6–2.4)
Fish and white meat 8110 0.6 (0.3–1.1)
Read meat and meat products 8110 1.1 (0.6–1.9)
Sweets and sweetened drinks 8110 2.4 (1.2–4.1)

Body mass index categories are defined according to the World Health Organization. Antihypertensive medications are angiotensin-converting enzyme or an-
giotensin II receptor blocker. IQR, interquartile range.
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causes of death and kidney transplantation on cardiovascular
mortality and in sensitivity analyses, omitting those cardio-
vascular deaths (n=334 of 829) that occurred in the first 12
months of follow-up (Table 2). There was no interaction be-
tween prespecified covariates and Mediterranean or DASH
diet score on cardiovascular mortality. Supplemental Tables
5 and 6 show the associations of theMediterranean and DASH
diet individual food components with mortality. The intake of
dairy was the only measure that predicted cardiovascular mor-
tality, and it was associated with a higher risk.

All-Cause Mortality
The overall distributions of theMediterranean (Figure 2A) and
DASH (Figure 2B) diet scores in patients who died from any
cause were similar to those in patients who survived to the end
of follow-up (Figure 2). Compared with patients in the lowest
Mediterranean diet score tertile, the adjustedHRs for all-cause
mortality among those in the middle and highest tertiles were
1.10 (95% CI, 0.99 to 1.22) and 1.01 (95% CI, 0.88 to 1.17),
respectively (P value per trend =0.13) (Table 2). There was no
statistically significant interaction between age and Mediter-
ranean diet score on mortality (P=0.69 [diet score as contin-
uous variable]; P=0.06 [as tertiles]). Compared with patients
in the lowest DASH diet score tertile, the adjusted HRs for all-
cause mortality among those in the middle and highest tertiles
were 1.03 (95% CI, 0.92 to 1.15) and 1.00 (95% CI, 0.89 to
1.12), respectively (P value per trend =0.85) (Table 2). The
association between DASH diet score and all-cause death was
modified by age (P value for interaction ,0.01 [score as con-
tinuous variable] and P=0.03 [as tertiles]). For younger

patients (age#60 years old), the 3-year cu-
mulative incidences of all-cause death
across tertiles of DASH diet score were 19,
17, and 13 deaths per 100,000 persons-days
in ascending order from the lowest to the
highest tertile (log rank P=0.01). For older
participants (age.60 years old), the 3-year
cumulative incidences of all-cause death
were similar across tertiles of DASH diet
score (41, 40, and 38 deaths for 100,000
persons-days; log rank P=0.45) (Figure
3). For the younger participants, the ad-
justed HRs for all-cause death were 1.02
(95% CI, 0.81 to 1.29) and 0.70 (95% CI,
0.53 to 0.94) in the middle and highest ter-
tiles, respectively; among the older partic-
ipants, the corresponding estimates were
1.05 (95% CI, 0.93 to 1.19) and 1.08
(95% CI, 0.95 to 1.23) in the middle and
highest tertiles, respectively (Supplemental
Table 7). Similar findings were observed
when considering the competing risk of
kidney transplantation on all-cause mor-
tality and in sensitivity analysis omitting

those all-cause deaths (n=786 of 2087) that occurred in the
first 12 months of follow-up (Supplemental Table 7, Table 2).
Associations between individual diets food components and
all-cause mortality were all nonsignificant (Supplemental Ta-
bles 5 and 6).

Complete Patient Analyses
Similar findings were observed in the complete patient analyses,
which included3889and3480participants forcardiovascular and
all-cause mortality, respectively (Supplemental Table 7, Table 2).

DISCUSSION

In this study involving8110patientsonhemodialysiswith 2087
deaths (829 cardiovascular related) followed for a median pe-
riodof almost 3 years, theMediterranean andDASHdiet scores
were generally low and consistent across a range of European
countries. Therewas no evidence that higherMediterranean or
DASH diet scores were associated with lower risk of cardio-
vascular or all-cause mortality. Excluding participants who
died in the first 12 months of follow-up did not alter the as-
sociation between diets scores and cardiovascular or all-cause
mortality. Age was a significant effect modifier of the relation-
ship between DASH diet score and all-cause mortality but not
cardiovascular mortality.

The observed absence of cardiovascular benefits associated
with Mediterranean or DASH dietary patterns among patients
on hemodialysis is consistent with evidence that other cardio-
vascular interventions of proven benefit for those populations
with similarly high cardiovascular risk (including BP lowering

Figure 2. (A) Mediterranean and (B) Dietary Approaches to Stop Hypertension (DASH)
diet score distributions in patients who died from cardiovascular or any cause were
similar to those in patients who survived to the end of follow-up. Percentage of car-
diovascular (left plots) and all-cause mortality (right plots) were plotted against Med-
iterranean (top plots) and DASH (bottom plots) diet scores in patients who died and in
patients who survived to the end of follow-up.
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and statins) are not observed to improve outcomes in the long-
termdialysis setting.Coronaryheartdiseaseandatherosclerosis are
complex disease processes involving multiple etiologies and

pathways. In the general population, cardioprotectivemechanisms
of the Mediterranean and DASH diets are largely driven by im-
proved lipid, glycemic, and BP control.22,32 In the hemodialysis

Figure 3. Kaplan–Meier estimates of all-cause mortality by tertiles of Dietary Approaches to Stop Hypertension scores stratified by age
groups showing an association between higher DASH diet scores and lower risk of all-cause mortality in younger (aged # 60 years), but
not in older patients. Log-rank test compares the risk of all-cause mortality across tertiles of DASH diet score in patients aged 60 years
or younger (curves on the left) and in older patients (curves on the right).

Table 2. Mortality hazard ratios (95% confidence intervals) by tertiles of Mediterranean and Dietary Approaches to Stop
Hypertension diet scores

Model
Mediterranean Diet Score DASH Diet Score

0–3 4–5 ‡6 P Value 8–19 20–22 ‡23 P Value

Cardiovascular mortality
Univariable random

effect
Reference 1.16 (0.99 to 1.35) 1.08 (0.87 to 1.33) 0.18 Reference 1.08 (0.91 to 1.29) 1.30 (1.09 to 1.55) 0.01

Multivariable random
effecta

Reference 1.20 (1.01 to 1.41) 1.14 (0.90 to 1.43) 0.11 Reference 1.01 (0.85 to 1.21) 1.19 (0.99 to 1.43) 0.12

Multivariable
competing riska

Reference 1.17 (0.99 to 1.39) 1.15 (0.91 to 1.45) 0.18 Reference 1.01 (0.84 to 1.21) 1.20 (0.99 to 1.45) 0.11

Multivariable patient
completea

Reference 1.06 (0.82 to 1.39) 1.03 (0.73 to 1.45) 0.89 Reference 0.84 (0.63 to 1.11) 0.91 (0.69 to 1.21) 0.46

Sensitivity analysisa Reference 1.19 (0.96 to 1.47) 1.03 (0.76 to 1.40) 0.23 Reference 1.06 (0.85 to 1.33) 1.05 (0.83 to 1.34) 0.85
All-cause mortality
Univariable random

effect
Reference 1.12 (1.01 to 1.23) 1.02 (0.89 to 1.16) 0.05 Reference 1.10 (0.99 to 1.22) 1.13 (1.01 to 1.26) 0.07

Multivariable random
effectb

Reference 1.10 (0.99 to 1.22) 1.01 (0.88 to 1.17) 0.13 Reference 1.03 (0.92 to 1.15) 1.00 (0.89 to 1.12) 0.85

Multivariable
competing riskb

Reference 1.10 (0.99 to 1.22) 1.02 (0.88 to 1.18) 0.16 Reference 1.03 (0.92 to 1.15) 1.00 (0.89 to 1.13) 0.85

Multivariable patient
completeb

Reference 1.07 (0.91 to 1.26) 0.96 (0.77 to 1.18) 0.39 Reference 1.10 (0.93 to 1.29) 0.93 (0.78 to 1.11) 0.16

Sensitivity analysisb Reference 1.06 (0.93 to 1.21) 0.98 (0.82 to 1.18) 0.50 Reference 0.98 (0.86 to 1.13) 0.90 (0.78 to 1.05) 0.35
DASH, Dietary Approaches to Stop Hypertension.
aAdjusted for country (fixedeffect in competing risk analysis and randomeffect in all others), sex,daily physical activity, education (secondary versus none/primary), diabetes,
smoking (currentor former versusnever),myocardial infarction, vascular access type (fistula versusgraft/catheter),bodymass index (categories accordingto theWorldHealth
Organization), albumin (tertiles), Charlson comorbidity score (quartiles), age, phosphorus, calcium, hemoglobin, Kt/V, and energy intake (1000-kcal/d increase).
bAll above adjustments plus adjusted for having a life partner, time on dialysis, and being waitlisted for transplantation. Sensitivity analyses excluded the first 12
months of follow-up (786 all-cause deaths of 2087 and 334 cardiovascular deaths of 829 were excluded).
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populations, it has been shown that nontraditional risk factors,
includingmalnutrition, oxidative stress, inflammation, altered cal-
cium-phosphate regulation, and endothelial dysfunction, may
dominate the pathogenesis of cardiovascular disease.33,34 There-
fore, the physiologic changes associated with the DASH andMed-
iterranean diets may not sufficiently modify the cardiovascular
pathobiology for patients on hemodialysis to improve clinical out-
comes. Residual confounding from unmeasured factors may have
masked any associations between the Mediterranean and DASH
diets with cardiovascular mortality. Also, the relatively short fol-
low-upmay have precluded detection of any significant cardiovas-
cular mortality benefit of these diets.

Although age was a significant modifier of the association be-
tweenDASHdiet score and all-causemortality, thisfinding should
be interpreted with caution. Given the higher comorbid burden of
other diseases, such as cancer and infections, among older
individuals, a ceiling effect of agemay be present, such that dietary
factorsmay influence survival to a lesser extent amongolder adults.
Survival bias may exist in the elderly, because only those who have
survived the selective pressures and burden of CKD could be in-
cluded in the study. Such survivorship is not dependent on a single
factor, such as diet, butmanyother inter-related features, including
behavioral, genetic, and other lifestyle influences. Given that the
findingswere limitedonly toDASHdietandall-causemortality, the
observed association may also simply due to chance alone.

This studyhasprovidednew insights into the epidemiologyof
overall dietary patterns in patients on hemodialysis and their
association with cardiovascular and all-cause mortality.23,24

This methodologic approach is a departure from much of the
existing research in the setting of hemodialysis, which has fo-
cused predominantly on the roles of individual nutrients, such as
protein, phosphate, sodium, and potassium, rather than whole
dietary patterns on clinical outcomes.23,34 Clinical practice
guidelines suggest individual nutrient restriction to improve
outcomes in CKD,35–37 leading to dietary complexity and chal-
lenging adherence.38 In addition, the paucity of evidence
supporting the restriction of targeted nutrients to improvemor-
bidity, mortality, and quality of life in people on hemodialysis
indicates that exploring the potential benefits of a whole dietary
approach in the hemodialysis setting is warranted.39–41

This study has several strengths. The DIET-HD Study is the
largest study conducted in patients on hemodialysis that assessed
the effect of diet as a potential novel determinant of health,which
has been identified as a research priority by patients with CKD,
their caregivers, and health care professionals.42 The inclusion
of a diverse range of countries with specific dietary characteris-
tics, including those from the Mediterranean region as well as
those in northern and eastern European areas and Scandinavia,
also enhances the generalizability of the findings.

This study has several potential limitations. First, measurement
errorsmayexistduetotheself-reportednatureoftheFFQ.TheFFQ
did not include portion size, and it has been validated only in the
general population against plasmaphospholipid fatty acids but not
with other dietary assessmentmethods. In addition, it is difficult to
estimate and quantify precisely the sodium intake using an FFQ

(salt intakeused incookingandat the table).Thismayhaveaffected
the evaluation of the DASH diet score and its association with
cardiovascular mortality, in which sodium intake might play an
important role in the ESKD population. Second, despite the high
responseratetotheFFQ,theexclusionof17%ofpatientswithFFQs
that had amissingor erroneous identification code and incomplete
or implausible answersmay have resulted in a selectionbias. Third,
because of a single dietary measurement at baseline, it was not
possible tomeasure any change in dietary habits and patterns over
time,whichmayhaveoccurredparticularly inrelationtothechang-
ing comorbid status of an individual on hemodialysis.

In conclusion, there was no evidence of an association be-
tween Mediterranean and DASH diets and cardiovascular or
all-cause mortality in patients on hemodialysis. Dietary pat-
terns that are protective in the general population do not pre-
dict better clinical outcomes in patients on hemodialysis.
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