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Abstract

Background: Patients with chronic kidney diseases (CKD) on haemodialysis (HD) have high morbidity and mortality
rates, which are also due to the inherent risks associated with nephropathy. Non-adherence (NA) to the different
demands of the treatment can have consequences for the outcome of patients undergoing HD; nevertheless, there
are still doubts about such repercussions. This study was conducted to evaluate the association between NA to
conventional HD and all-cause mortality and cardiovascular mortality.

Methods: We prospectively evaluated mortality in a 6-year period in a cohort of 255 patients on HD in northeast
Brazil. The evaluated parameters of NA to HD were interdialytic weight gain (IDWG) = 4% of dry weight (DW),
hyperphosphatemia and regular attendance at treatment, assessed as the correlation between the periods on HD
completed and those prescribed. We used the Cox multivariate regression model to analyse survival and the
predictors of all-cause mortality and cardiovascular mortality.

Results: With a median follow-up period of 1493 days and a mortality rate of 9.1 per 100 people-years, there were
87 deaths, of which 54% were cardiovascular deaths. IDWG 24% of DW was associated with a risk of all-cause
mortality however presenting a borderline outcome for cardiovascular mortality, with hazard ratios of 2.02 (Cl 95%
1.17-349, p=0.012) and 2.09 (Cl 95% 1.01-4.35, p=0.047), respectively. No significant association was found
between other parameters of NA and mortality. Subgroup analysis showed that for patients with IDWG 24% of DW,
malnutrition, age and diagnosis of cardiovascular and cerebrovascular diseases were associated with higher all-
cause mortality.

Conclusions: IDWG 24% of DW was identified as an independent predictor of all-cause mortality and demonstrated a
borderline outcome for cardiovascular mortality in patients on conventional HD. The occurrence of excessive IDWG in
the presence of malnutrition represented a significant increase in the risk of death, indicating a subgroup of patients
with a worse prognosis.
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Background

The diagnosis of chronic kidney disease (CKD) with an in-
dication for haemodialysis (HD) places several demands
on patients to make important changes in their living
habits including daily consumption of medications, limita-
tions on the ingestion of food and water, and dependence
on a machine for survival, generally with inflexible hours
available for attending the dialysis sessions. Such demands
may be perceived by the patients as an intrusion into their
lives and may result in the patients not following the rec-
ommendations and prescriptions for the treatment, in
other words, non-adherence (NA) [1].

The best criteria for determining NA to HD is still
being debated as a result of research results assessing
different demands of renal replacement therapy (RRT)
[2-5]. Regular attendance at sessions, hyperphosphate-
mia and interdialytic weight gain (IDWG) have been in-
vestigated as indicators of NA to HD; nevertheless, there
is no consensus and no undisputed findings that indicate
NA to the RRT recommendations [2, 4, 6]. The preva-
lence of NA varies greatly in accordance with the region
studied [7-9]. In Brazil, a high rate of reductions in HD
sessions was identified (49%), and the prevalence of ab-
sences from HD sessions was similar to that reported in
the USA (8%) [7, 9].

IDWG results from the consumption of salt and lig-
uids between two HD sessions and reflects whether or
not dietary and hydric restrictions particular to CKD
dialysis have been followed [2, 7, 10, 11]. Patients under-
going HD receive nutritional guidance based on the RRT
recommendations and the patient’s nutritional status to
avoid hypervolemia. Excessive IDWG implies that the
patient is being maintained in a hypervolemic state and
is therefore susceptible to cardiovascular complications
and haemodynamic instability due to rapid ultrafiltration
(UF) during HD [12-15].

Despite all the advances in RRT, patients undergoing
dialysis experience a survival rate inferior to the that of
the general population in the same age group, and the
role that NA plays in influencing the outcome of HD
has been suggested as an additional risk factor for mor-
bidity and mortality [2, 6, 16]. This study was designed
to evaluate the association between NA to conventional
HD and mortality. We tested the hypothesis that NA to
the period of time prescribed, the frequency of the ses-
sions (attendance criteria) and the dietary guidance (in-
vestigated as IDWG and hyperphosphatemia) are
associated with an increased risk of all-cause mortality
and cardiovascular mortality in patients undergoing HD.

Methods

Study design and subjects

A prospective cohort study was conducted that included
patients on HD in a non-hospital service in Salvador, the
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northeastern region of Brazil. The sample consisted of
adults without cognitive or psychiatric impairment who
had been on HD for at least 3 months, to avoid inclusion
of patients with acute renal injury and patients without
knowledge of the nutritional guidelines, and still in ini-
tial clinical stabilization in the RRT. Of the 269 patients
undergoing haemodialysis at the clinic, 8 were excluded
due to the impossibility of obtaining consent because of
physical limitations and the absence of authorized repre-
sentatives, and 6 refused to participate in the study. Be-
tween November 2011 and January 2012, 255 patients
joined the cohort and were followed until November
2017, at which point they were continuing with the HD
in the service, the outcome had transpired or they were
lost to follow-up. All had been given prescriptions for
three sessions of haemodialysis per week with a duration
of 4h per session, using dialyzers with biocompatible
membranes and variable dialysate sodium of 136 to 142
mEq/L. The initial data collection was part of the mas-
ter’s project of the author started in 2011 and the base-
line data were collected in the same month for all
patients [9, 17]. The study was in compliance with the
Helsinki declaration, and the protocol was approved by
the Research Ethics Committee of the Spanish Hospital
and Bahia School of Medicine and Public Health.

Data collection

Sociodemographic data of interest (age, race, sex, civil
status, schooling level), RRT data (period of dialysis,
vascular access, residual renal function, history of para-
thyroidectomy and kidney transplant), clinical data, aeti-
ology of CKD and diagnosis of diabetes mellitus (DM),
systemic arterial hypertension (SAH) and cardiovascular
disease or cerebrovascular were collected at the begin-
ning of the study. The diagnoses of coronary arterial dis-
ease (history of acute myocardial infarction, myocardial
revascularization or coronary angioplasty), congestive
cardiac failure with low ejection fraction, cerebrovascular
disease (history of transient ischaemic stroke or cerebro-
vascular ischaemic or haemorrhagic accident—CVA)
and peripheral arterial occlusive disease (history of non-
traumatic amputation of extremities or symptomatic is-
chaemic disease confirmed by Doppler or arteriography)
were grouped and considered to represent clinical evi-
dence of cardiovascular or cerebrovascular diseases for
analysis in the study.

Exposure variables, outcome and covariates

The primary outcome of interest was all-cause mortality
being cardiovascular mortality considered as a secondary
outcome. IDWG, hyperphosphatemia and regular at-
tendance at treatment were assessed as parameters of
NA to HD. IDWG was calculated as the difference be-
tween the pre-HD weight and the weight registered after
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the previous session; the average of the sessions in a
month were registered and assessed as absolute IDWG
and relative IDWG (absolute IDWG divided by dry
weight [DW]). IDWG as an absolute value was analysed
as a continuous variable. Relative IDWG was classified
into three groups: <3%, 3 to 3.99% and>4% of DW.
IDWG > 4% of DW was the range considered to be indi-
cative of excessive IDWG and corresponded to the
threshold value used in a prior study of Mi Jung Lee
[15]. DW was determined and adjusted by the assistant
nephrologist in the context of the clinical condition,
intradialytic and post-HD symptoms. The average phos-
phorus (P) level for 3 consecutive months was calculated
and considered as hyperphosphatemia when greater than
5.5 mg/dL. For the analysis, reductions in regular attend-
ance at treatment and absences from dialysis sessions
over 3 consecutive months from the beginning of the
study were computed, and the relationship between the
period of HD completed and the period prescribed was
also computed. NA was considered when the patient did
not perform 100% of the prescribed HD period, inde-
pendent of the reasons for absence from or reductions
in the sessions.

The UF rate was considered to be the volume removed
during the HD session divided by the DW and the dur-
ation of the dialysis; 12 consecutive sessions were
assessed, and the average rate of UF was calculated. All
of the samples were collected before the first HD session
of the week for the laboratory dosages of interest and
after dialysis to calculate the fractional clearance of the
urea (spKt/V) using the Daurgirdas 2nd generation for-
mula [18]. Missing laboratory results were repeated and
we had no lack of information from the NA variables to
haemodialysis. The urinary volume for the 24h was
quantified during the longest interdialytic period for
evaluation of the residual renal function (RRF) and clas-
sified as anuria when diuresis was < 100 ml per day.

Patient deaths during follow-up were recorded accord-
ing to death certificates or hospital records. These in-
cluded deaths that occurred on or outside haemodialysis.
If the reason for death was not clarified, it was recorded as
death of undetermined cause. Cardiovascular mortality
was defined as sudden cardiac death, death from acute
myocardial infarction, heart failure, acute lung edema, ar-
rhythmias, stroke or other fatal ischemic events.

Statistical analysis

To calculate the sample size for our study we considered
a 24% reduction in the relative risk of overall mortality
related to improvement in the proportion of adherence
time for haemodialysis, which was identified in the
Kimmel study, with 5% accuracy and 80% power [8].
Sociodemographic, clinical and laboratory characteristics
at the beginning of the study were described as absolute
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and relative frequencies (percentages) when qualitative
and as the mean + standard deviation (SD) when con-
tinuous variables with a normal distribution or median
and interquartile range (IQR) for a non-normal distribu-
tion. For these analyses, we had no missing covariate
values. The prevalence of NA was expressed in percent-
ages with the respective confidence intervals of 95% (CI
95%). The groups were compared using the chi-square
test, t-test for independent samples or analysis of vari-
ance (ANOVA) with the post hoc Bonferroni test.

The survival time of each patient was considered as
the interval between the beginning of the study and
death or the end of the observation period. The survival
univariate curve was researched using the Kaplan-Meier
analysis with the log-rank test and the Cox proportional
hazard model to evaluate mortality predictors. The vari-
ables with biological plausibility and p < 0.20 in the uni-
variate analysis were included in the multivariate logistic
regression model, and the results were expressed as the
hazard ratio (HR) with the respective 95% CI. The exist-
ence of colinearity between the variables that were
included in the multivariate regression model was inves-
tigated. The level of significance was set at two-tailed p
value of <0.05. All analyses were performed using SPSS
version 20.0 (SPSS Inc., Chicago, Ill., USA).

Results

Cohort characteristics and non-adherence measures

The sociodemographic and clinical characteristics of the
patients at the beginning of the cohort are provided in
Table 1. The mean age was 50 + 13.1 years, and the pro-
portion of men was higher (62.7%) than that of women;
other characteristics included non-white (85.5%), mar-
ried (62%) and on haemodialysis with arteriovenous
fistula (81.7%). The median period of haemodialysis
treatment was 39 months (17-76 months). SAH was the
most frequent aetiology of nephropathy (28.6% of the
cases), followed by glomerulonephritis (16.5%) and DM
(14.5%). A total of 39.2% of the patients were smokers,
and of these, 91% abandoned the habit after beginning
the RRT. A total of 77.3% of the patients underwent
their treatment through the public health service (PHS).
Table 2 demonstrates the baseline characteristics of the
patients in accordance with the assessed NA parameters.
The patients with IDWG 24% of DW underwent HD for
longer periods, were younger and had higher Kt/V than
patients with IDWG <3% of DW, as well as a higher
prevalence of anuria and SAH, and the highest average
of phosphate than the other groups. Of the patients with
excessive IDWG, 5.2% had a catheter with vascular ac-
cess for HD versus 14.7% of patients with IDWG < 3%
of DW; nevertheless, this difference was not significant
(p = 0.05). Sex, race, body mass index (BMI), diagnosis of
cardiovascular or cerebrovascular disease and DM,
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Table 1 Sociodemographic and clinical characteristics of the

sample
n=255 (%)

Age, years 50+ 13.1
Age > 65 years 30 (11.8)

Race (self-referred)

White 37 (14.5)

Non-white 218 (85.5)
Sex

Male 160 (62.7)
Civil status

Married 158 (62)
Residents in Salvador 217 (85.1)
Aetiology of CKD

Indeterminate 65 (25.5)
Systemic Arterial Hypertension 73 (28.6)

Glomerulonephritis 42 (16.5)

Diabetes mellitus 37 (14.5)

Polycystic Kidney Disease 13 (5.1)

Vasculitis 6 (24)

Other pathologies 19 (7.5)
Time on haemodialysis, months 39 (17-76)
Haemodialysis by catheter 21 (8.3)
Anuric 127 (49.8)

Urine volume, mL/day 150 (0-500)
Body mass index, Kg/m? 238+43
Smoking (presently or prior) 100 (39.2)
Background of parathyroidectomy 20 (7.8)
Pre-dialysis follow-up 96 (37.6)
Living alone 16 (6.3)
Schooling level up to elementary education 118 (46.3)
Family income per capita, USD 181 (109-272.5)

<2 USD per person/day 32(125)
Treatment through the public health service national 197 (77.3)
Comorbid disease

Diabetes Mellitus 41 (16.1)

Cardiovascular or cerebrovascular disease 84 (32.9)

Systemic Arterial Hypertension 231 (90.6)

Qualitative variables expressed in absolute values (%) and quantitative values
as mean + SD or median (1st-3rd quartile ranges) for continuous variables in
accordance with distribution

USD U.S. dollars

haemoglobin and albumin results did not differ among
the three groups. The average UF rate was significantly
different among the three investigated relative IDWG
ranges, with an average of 12.5+2.95ml/h/kg in the
group with excessive IDWG versus 6.18 +2.60 in the
group with IDWG <3% of DW. Those patients with
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phosphorus levels > 5.5 mg/dL were undergoing dialysis
for a longer period, had lower average spKt/V, higher
average BMI, higher frequency of anuria and of parathy-
roid hormone (PTH) = 600 pg/mL and a higher UF aver-
age in HD than patients with phosphorus levels <5.5
mg/dL. Patients undergoing dialysis for less time than
the amount prescribed per month were predominantly
non-diabetic, non-white and had a higher frequency of
PTH > 600 pg/mL.

Mortality and non-adherence to haemodialysis

There were 87 deaths during 347,636 person-years of
follow-up, with a mortality rate of 9.1 per 100 people-
years. The average follow-up duration was 1493 days
(535-2191), and 54% of the deaths occurred due to
cardiovascular causes, of which 14.9% were sudden
deaths, 13.8% were acute myocardial infarctions, and
13.8% were due to stroke; the remaining deaths were
due to acute oedema of the lung, arrhythmias or mesen-
teric ischaemia.

Figure 1 demonstrates the survival curve for cardio-
vascular mortality by relative IDWG range. Cardiovas-
cular mortality was significantly higher in the group
of patients with IDWG 24% of DW (p=0.041) than
in patients with IDWG <3% of DW. The same ana-
lysis was performed to assess all-cause mortality, but
no significant difference (p=0.15) was observed in
the univariate analysis (the Kaplan-Meier graph is at-
tached as Additional file 1: Figure S1).

Table 3 demonstrates the Cox regression analysis to
identify the independent predictors of all-cause mortal-
ity; IDWG 24% of DW was associated with an increase
in the risk of mortality of 102% compared with IDWG
under 3% of DW. Age, clinically evident cardiovascular
or cerebrovascular diseases and malnutrition were
independent predictors for the outcome. The remaining
parameters of NA assessed were not identified as inde-
pendent predictors of all-cause mortality.

IDWG >4% of DW presented borderline result in
multivariate analysis for cardiovascular mortality with
hazard ratios of 2.09 (CI 95% 1.01-4.35, p = 0.047). Clin-
ical predictors for cardiovascular mortality were malnu-
trition, dialysis using a catheter, DM and a clinically
evident background of cardiovascular or cerebrovascular
diseases (Table 4). IDWG analysed as an absolute value
was not associated with mortality, and there was no co-
linearity between the variables that were included in the
multiple regression model for all-cause mortality and
cardiovascular mortality.

Subgroup analysis

Table 5 demonstrates the Cox regression analysis for all-
cause mortality in the subgroup of 97 patients with
IDWG =24% of DW. It was found that malnutrition
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Table 3 Cox proportional hazard model for all-cause mortality

Page 6 of 10

Risk factors Unadjusted Multivariate

HR (Cl 95%) p HR (Cl 95%) p
Age (years) 1.04 (1.03-1.06) < 0.001 1.04 (1.02-1.06) < 0.001
Time in haemodialysis (years) 1.04 (0.99-1.09) 0.11 1.04 (0.97-1.11) 0.21
Cardiovascular or cerebrovascular disease (yes) 228 (1.50-347) < 0001 1.80 (1.16-2.79) 0.009
Diabetes Mellitus (yes) 1.83 (1.13-2.97) 0.014 0.66 (0.39-1.11) 0.12
Smoking (presently or prior) 146 (0.96-2.23) 0.075 1.04 (0.66-1.62) 0.85
Anuria (yes) 1.39 (091-2.12) 0.126 1.57 (0.96-2.55) 0.07
Vascular access (catheter) 1.71 (0.86-342) 012 0.62 (0.29-1.28) 0.20
Status for kidney transplant (not apt) 1.73 (1.05-2.86) 0.03 1.70 (0.59-4.89) 032
BMI between 18.5-24.9 Kg/m? 1 (reference) 0.015 1 (reference)
BMI between 25 and 29.9 Kg/m2 1.54 (0.94-2.53) 0.085 145 (0.88-2.38) 0.14
BMI =30 Kg/m2 1.14 (0.51-2.55) 0.73 094 (041-2.11) 0.87
BMI <185 Kg/m2 2.83 (1.54-5.22) 0.001 2.24 (1.19-4.20) 0.012
Serum albumin (g/dL) 0.65 (0.41-1.03) 0.07 0.81 (0.50-1.31) 0.39
% period of HD performed/prescribed 1.05 (0.99-1.13) 0.09 1.00 (0.95-1.06) 0.77
IDWG < 3% of DW 1 (reference) 0.17 1 (reference)
IDWG 3-3.99% of DW 0.81 (046-1.44) 029 0.89 (0.49-1.61) 0.69
IDWG 24% of DW 1.31 (0.79-2.17) 0.18 202 (1.17-3.49) 0.012

HR Hazard ratio, CI confidence interval, BMI body mass index, IDWG interdialytic weight gain, DW dry weigh

Other variable assessed in the univariate analysis: sex, race, systemic arterial hypertension, background of parathyroidectomy, spKt/V, Parathormone >600 pg/mL,

Serum phosphorus > 5.5 mg/dL, Ultrafiltration (ml/h/Kg)

Table 4 Cox proportional model hazard for cardiovascular mortality

Risk factors Unadjusted Multivariate

HR (Cl 95%) p HR (Cl 95%) p
Age (years) 1.03 (1.01-1.06) 0.005 1.01 (0.98-1.04) 026
Cardiovascular or cerebrovascular disease (yes) 348 (1.94-6.24) < 0.001 3.57 (1.94-6.55) < 0.001
Diabetes Mellitus (yes) 2.80 (1.53-5.13) 0.001 345 (1.80-6.61) < 0.001
Anuria (yes) 1.53 (0.86-2.74) 0.14 2 (0.77-3.00) 0.21
Vascular access (catheter) 2.19(093-5.17) 0.07 2.63 (1.04-6.64) 0.04
Status for kidney transplant (not apt) 323 (0.78-13.3) 0.10 6 (042-8.12) 040
Ultrafiltration (ml/h/Kg) 1.05 (0.94-1.17) 0.17 1.05 (0.94-1.17) 0.37
BMI between 18,5-24.9 Kg/m? 1 (reference) 0.16 1 (reference) 0.02
BMI between 25 and 29.9 Kg/m2 44 (0.74-2.80) 027 8 (0.91-3.51) 0.09
BMI 230 Kg/m2 0.84 (0.25-2.81) 0.78 0.80 (0.23-2.77) 0.73
BMI< 185 Kg/m2 247 (1.06-5.77) 0.03 3.67 (1.48-9.06) 0.005
% period of HD performed/prescribed (< 10 063 (0.35-1.13) 0.12 0.86 (0.46-1.63) 0.66
IDWG < 3% of DW 1 (reference) 0.06 1 (reference) 0.005
IDWG 3-3.99% of DW 0.70 (0.30-1.63) 042 065 (0.27-1.52) 032
IDWG 24% of DW 1.63 (0.82-3.25) 0.16 2.09 (1.01-4.35) 0.047

HR Hazard ratio, CI confidence interval, BMI body mass index, IDWG interdialytic weight gain, DW dry weight

Other variables assessed in the univariate analysis: sex, race, time on hemodialysis, smoking, systemic arterial hypertension, background of parathyroidectomy,
Serum albumin, spKt/V, Parathormone >600 pg/mL, Serum phosphorus > 5.5 mg/dL
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Table 5 Cox proportional model hazard for all-cause mortality in the subgroup with IDWG 24% of DW

Risk factors Unadjusted Multivariate
HR (Cl 95%) p HR (Cl 95%) p

Age (years) 1.06 (1.02-1.09) < 0.001 1.05 (1.01-1.08) 0.002
Cardiovascular or cerebrovascular disease (yes) 3.39 (1.81-6.33) < 0.001 274 (1.42-5.27) 0.003
Diabetes Mellitus (yes) 1.74 (0.80-3.79) 0.15 1.09 (043-2.74) 084
Vascular access (catheter) 3.13 (0.96-10.23) 0.05 235 (063-8.22) 0.18
BMI between 18,5-24.9 Kg/m2 1 (reference) 0.045 1 (reference)

BMI between 25 and 29.9 Kg/m? 1.18 (0.52-2.67) 0.68 0.85 (0.37-1.95) 0.70
BMI =30 Kg/m2 0.93 (0.21-3.98) 092 1.26 (0.28-5.53) 0.96
BMI <185 Kg/m2 3.02 (1.38-6.63) 0.006 3.06 (1.39-6.76) 0.005

HR Hazard ratio, CI confidence interval, BMI body mass index, IDWG interdialytic weight gain, DW dry weight
Other variables assessed in the univariate analysis: sex, race, time on hemodialysis, smoking, systemic arterial hypertension, background of parathyroidectomy,
Serum albumin, spKt/V, Parathormone >600 pg/mL, Serum phosphorus > 5.5 mg/dL, Ultrafiltration (ml/h/Kg)

represented a significant increase in the risk of death
(306%) in relation to the eutrophic state. Age and diag-
nosis of cardiovascular and cerebrovascular diseases
were also independent predictors of mortality, with HR
values of 1.05 and 2.74, respectively.

Discussion

This study broadly assessed the association between cer-
tain NA to HD parameters and mortality and found that
IDWG 24% of DW was an independent predictor of all-
cause mortality in HD patients. The other investigated
NA parameters were not predictors of mortality in this
cohort. Various studies have assessed IDWG as an indi-
cator of adherence to RRT and its associations with car-
diovascular complications and mortality in HD and the
nutritional state of the patient, though variable relative
and absolute IDWG gradients were applied, and conflict-
ing results were reported [2, 3, 6, 10, 11, 15, 19-21].

In this cohort, patients with excessive IDWG were
younger and had a higher prevalence of SAH than the
group with IDWG < 3% of DW. SAH may be the conse-
quence of hydric overload related to excessive IDWG
during a long period of RRT; nevertheless, it was not
possible to confirm this hypothesis because it was be-
yond the scope of the present work. Five decades ago,
Thomson presented the concept that pressure control
could be obtained with a reduction in extracellular vol-
ume, and since then, various studies have demonstrated
the association between SAH and IDWG and effective
pressure control with gradual reduction of DW in the
HD sessions [22, 23]. Anuria was more prevalent in the
group with excessive IDWG compared with the group
with IDWG <3% of the DW (67% versus 26.7%) and
may have resulted from repeated episodes of intradialytic
hypotension in an attempt to achieve euvolemia. Prior
studies have demonstrated such an association, as well
as an inverse correlation between the duration of the
RRT and the reduction of the RRF [24—26]. RRF helps in

the maintenance of the hydric balance, pressure control,
and clearance of middle molecules and protein-bound
solutes and therefore contributes to metabolic homeo-
stasis. In this manner, the preservation of RRF has been
the object of attention in recent years [27]. The faster
loss of RRF is one of the mechanisms through which ex-
cessive IDWG could have an adverse effect on the pro-
gress of the patient.

Patients with excessive IDWG had a higher average of
Kt/V and phosphorus; nevertheless, the average albumin
and BMI were similar among the 3 investigated ranges
of IDWG. In a cohort in Taiwan, the effect of IDWG on
BMI was studied, and results of albumin, creatinine, urea
and phosphorus were obtained; in the 255 patients eval-
uated, no differences were found in the nutritional
markers between the categories of relative IDWG or var-
iations in the relative IDWG values and BMI throughout
the 12-month follow-up [10]. Other authors have shown
that IDWG is constant for each patient and is influenced
by nutritional habits, environmental factors, self-care
and patient response to the demands of HD [5, 6, 11].

In initial studies established to assess the consequences
of NA to HD, the acceptable limits of IDWG and P were
more permissive [2]. In 1998, Leggat et al. used IDWG
>5.7% of DW as a criterion to indicate excessive gain,
and this was associated with an increase in the relative
risk of mortality [2]. In the Dialysis Outcomes and
Practice Patterns Study, IDWG >4% and >5.7% of DW
were associated with a higher risk of hospitalization due
to hypervolemia and a higher mortality, respectively, and
furthermore, evidenced a decline in the relative IDWG
throughout phases two to five of the study [6]. Various
publications also found associations between lower
relative IDWG ranges and mortality [3, 15, 21, 28]. In
the cohort of Cabrera et al., with 39,256 patients on
haemodialysis, IDWG > 3.5% of DW was associated with
the following outcomes: myocardial infarction (HR 1.18),
cardiovascular mortality (HR 1.23), death for all causes
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(HR 1.26) in addition to hospitalizations for cardiac
complications [20].

Our findings regarding the increase of all-cause mor-
tality (HR 2.02) and a borderline outcome for cardiovas-
cular mortality in patients on HD with IDWG >4% of
DW versus IDWG <3% of DW may be partially ex-
plained. Excessive IDWG causes periods of hypervolemia
that foments adaptive mechanisms, increasing pressure
levels, left ventricular hypertrophy, arterial rigidity and
adverse cardiovascular events [14]. Higher IDWG results
in HD with a higher rate of ultrafiltration and intravas-
cular contraction, which could precipitate intradialytic
hypotension and a reduction in tissue perfusion leading
to ischaemic complications and transitory abnormalities
in myocardial contractility during and post-HD session,
apart from the premature termination of dialysis and the
mistaken perception that DW was obtained [29-31].
Although not significant, p value was borderline and
possibly with a larger sample size could demonstrate an
association between IDWG, mortality and cardiovascular
complications. Mi Jung Lee et al. evaluated IDWG and
cardiovascular outcomes in 1013 patients undergoing
HD in South Korea and found that IDWG >4% of DW
was an independent predictor of mortality or
hospitalization due to cardiovascular or cerebrovascular
events (HR 1.93; p = 0.04) [15].

A high rate of UF depends on a high IDWG, shorter
duration of the session, lower body weight, or a combin-
ation of these variables [32]. In our study, patients with
excessive IDWG had higher UF averages in the sessions,
although the UF rate was not a predictor of mortality in
the univariate and multivariate analyses. A high UF rate
in HD was associated with higher mortality in the post
hoc analysis of the HEMO study, and UF values above
13 ml/kg/hour were associated with a significant increase
in the risk of all-cause mortality (59%) and cardiovascu-
lar mortality (71%) [30, 33].

In this study, age was an independent predictor of
general mortality but was not associated with mortal-
ity due to cardiovascular causes. The role of cardio-
vascular diseases is known as the main cause of
mortality in young people undergoing dialysis and has
less relevance in elderly people, possibly due to the
reduction in immune response related to ageing and
a greater occurrence of infections in this population
and, consequently, deaths [34-36]. DM was not a
predictor of all-cause mortality in this study but was
an independent predictor of cardiovascular mortality.
The reason behind such findings are not clear, but
our hypothesis is that the presence of subclinical
vascular diseases in diabetic patients was a reason for
higher mortality due to the cardiovascular events that
we identified. Nevertheless, we do not have the re-
sults of complementary exams for tracing the
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subclinical cardiovascular lesions of these patients and
the consequent confirmation of this hypothesis.

In our cohort, BMI < 18.5 kg/m* was an independent
predictor of all-cause and cardiovascular mortality. In
the subgroup analysis, patients with IDWG 24% of DW
had a significant increase in mortality in the presence of
low weight, according to the category of BMI adopted by
the World Health Organization [37]. BMI is a widely
used nutritional parameter for risk assessment and nu-
tritional scores of patients on HD [38, 39]. Unintentional
reductions in BMI, represented by a decrease of more
than 5% of DW in a period of 3—6 months, are predictive
of a risk of protein-energy malnutrition in patients on
HD [38]. In CKD, the lowest rate of survival on dialysis
is found in patients with lower BMI values in the context
of malnutrition and inflammation, possibly due to the
action of inflammatory cytokines causing protein catab-
olism and anorexia [13, 39-42]. Thus, malnutrition is
not a cause of morbidity and mortality but an indication
of coexisting pathology that has repercussions on sur-
vival [43].

Some studies have shown that higher IDWG correlates
with better nutritional status however, the relationship
between these two variables remains controversial [11,
44, 45]. Yang et al., when evaluating the relationship be-
tween IDWG and nutritional markers, identified that the
highest relative IDWG was associated with the worst nu-
tritional status only in the elderly group [45]. In a multi-
centre international cohort that evaluated the evolution
of clinical and laboratory indicators, patients had con-
stant relative IDWG, but this declined significantly
weeks before death in some populations [46]. We believe
that IDWG >4% of DW in the context of malnutrition
may represent excessive consumption of sodium and
liquids, with a lower caloric and protein intake than the
patient needs. This clinical scenario indicates a poor
prognosis that demands a specific approach in clinical
practice and possible improvement in the outcomes.

There are various limitations to this study. The history
of cardiovascular or cerebrovascular disease considered
was a criterion of evident clinical disease and was itself
complicated and therefore not very sensitive; however, it
does point out the need for greater care in this group of
patients who are at very high risk, as well as the need for
investigation of the presence of subclinical cardiovascu-
lar diseases in asymptomatic patients. The sample was
predominantly non-white and therefore does not reflect
the reality of many regions in Brazil or of many coun-
tries but represents the local reality of a very mixed race
population. The mortality disclosed was lower than that
reported in other publications in Brazil and in many
countries, and such findings may be due to the reduced
prevalence of DM in this cohort, as well as the exclusion
of patients in the first three months of HD, a period
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known for higher mortality in dialysis [47, 48]. However,
this cohort has the strength of an interval observation
period of six years, with patients under HD for variable
periods and, therefore, with diverse clinical situations
due to the base pathologies and the complications of ne-
phropathy. Our findings are clinically relevant and re-
produce results from other HD populations that present
a distinct ethnic group and human development index,
thus increasing their external validity. Despite the im-
portance of knowing the ideal ranges of IDWG associ-
ated with the lower morbidity and mortality of the
haemodialysis patient as well as the role of the other pa-
rameters of NA, there aren’t publications in Brazil about
NA in HD and clinical outcomes.

Conclusions

In conclusion, we demonstrated that IDWG >4% of DW
is an independent predictor of all-cause mortality in pa-
tients undergoing HD. The occurrence of excessive
IDWG in the presence of malnutrition represented a sig-
nificant increase in the risk of death, indicating a sub-
group of patients with a worse prognosis. For patients
undergoing HD, strategies to avoid excessive interdialy-
tic weight gain without impairing the maintenance of
adequate nutritional status, associated with a higher fre-
quency of haemodialysis or longer duration of the ses-
sion to control hypervolemia, may be proposed for
better survival.
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1186/512882-019-1573x.
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analysis for all-cause mortality by relative interdialytic weight gain range.
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(Log rank; p=0.15).

Abbreviations

BMI: Body mass index; CI: Confidence intervals; CKD: Chronic kidney disease;
CVA: Cerebrovascular accident; DM: Diabetes Mellitus; DW: Dry weight;

HD: Hemodialysis; HR: Hazard ratio; IDWG: Interdialytic weight gain;

IQR: Interquartile range; NA: Non-adherence; P: Phosphorus; PHS: Public
health service; PTH: Parathyroid hormone; RRF: Residual renal function;

RRT: Renal replacement therapy; SAH: Systemic arterial hypertension;

SD: Standard deviation; spKt/V: Fractional clearance of the urea;

UF: Ultrafiltration; USD: U.S. dollars

Acknowledgements

We would like to thank the Senhor do Bonfim Clinic for allowing us to
collect the data necessary for our study at your institution. Special thanks to
all patients who agreed to participate in the study and to the students who
participated in the data collection: Isabel Passos Vilas Boas and Gabriela
Rocha Fonseca.

Authors’ contributions

LGGD: Concept and design of study. Data collect. Analysis and interpretation
of data. Drafting and revision of the article. MSR: Concept and design of
study. Interpretation of data. Critical revision of the article. JAMJ, ELP, SRKPP:

Page 9 of 10

Concept and design of study. Critical revision of the article. CMSC: Concept
and design of study. Analysis and interpretation of data. Drafting and
revision of the article. All authors read and approved the final manuscript
and agreed to be responsible for all aspects of the paper.

Funding
This research was financed with the resources of the authors.

Availability of data and materials
Data will be available upon request from the corresponding author (LGGD).

Ethics approval and consent to participate

This observational study was approved by the Committee of the Research
Ethics of the Spanish Hospital (project number 004/2011) and Bahiana
School of Medicine and Public Health (number: 2.347.797; CAAE:
73383617.5.0000.5544). The purpose of the study was explained and written
informed consent was obtained from each study participant or his or her
caregivers. The patient’s privacy and availability of services was guaranteed
by the investigator team even if the patients decided to leave the study. This
study did not involve any potentially harmful intervention to the patient. The
confidentiality of the data was preserved until the writing of the manuscript
for publication.

Consent for publication
Not applicable, as it does not contain an individual person’s data.

Competing interests
The authors declare that they have no competing interests.

Author details

'Clinica Senhor do Bonfim. Rua Plinio de Lima, 1. Monte Serrat, Salvador, BA,
Brazil. 2Postgraduate Course in Medicine and Human Health, Bahia School of
Medicine and Public Health, Salvador, Bahia, Brazil. *Department of
Multidisciplinary Research Hospital Santo Antonio, Social Works of Irma
Dulce, Salvador, Brazil.

Received: 27 December 2018 Accepted: 30 September 2019
Published online: 06 November 2019

References

1. Pinheiro J. Autonomia e aderéncia na pessoa com doenca renal cronica.
Rev bioét. 2011;19(1):219-29.

2. Leggat JE Orzol SM, Hulbert-Shearon TE, Golper TA, Jones CA, Held PJ, et al.
Noncompliance in hemodialysis: predictors and survival analysis. Am J
Kidney Dis. 1998;32(1):139-45.

3. Kimmel PL, Varela MP, Peterson RA, Weihs KL, Siemmens SJ, Alleyne S, et al.
Interdialytic weight gain and survival in hemodialysis patients. Effects of
duration of ESRD and diabetes mellitus. Kidney Int. 2000;57(3):1141-51.

4. Kimmel PL, Peterson RA, Weihs KL, Simmens SJ, Boyle DH, Verme D, et al.
Behavioral compliance with dialysis prescription in hemodialysis patients. J
Am Soc Nephrol. 1995,5(10):1826-34.

5. Clark S, Farrington K, Chilcot J. Nonadherence in dialysis patients:
prevalence, measurement, outcome, and psychological determinants. Semin
Dial. 2014;27(1):42-9.

6. Wong MMY, Mccullough KP, Bieber BA, Bommer J, Hecking M, Levin NW,
et al. Interdialytic weight gain: trends, predictors, and associated outcomes
in the international Dialysis outcomes and practice patterns study (DOPPS).
Am J Kidney Dis. 2017;69(3):367-79.

7. Saran R, Bragg-Gresham JL, Rayner HC, Goodkin DA, Keen ML, Van Dijk PC,
et al. Nonadherence in hemodialysis:associations with mortality,
hospitalization, and practice in the DOPPS. Kidney Int. 2003;64(1):254-62.

8. Kimmel PL, Peterson RA, Weihs KL, Simmens SJ, Alleyne S, Cruz |, et al.
Psychosocial factors, behavioral compliance and survival in urban
hemodialysis patients. Kidney Int. 1998;54:245-54.

9. Dantas LG, Cruz CMS, Rocha M, Moura JA Jr, Paschoalin E, Paschoalin S,
et al. Prevalence and predictors of nonadherence to hemodialysis. Nephron
Clin Pract. 2013;124:67-71.

10.  Chen YW, Chen HH, Pan CF, Chang CY, Wu CJ. Interdialytic weight gain
does not influence the nutrition of new hemodialysis patients. J Ren Nutr.
2012;22(1):41-9.


https://doi.org/10.1186/s12882-019-1573-x
https://doi.org/10.1186/s12882-019-1573-x

Dantas et al. BMIC Nephrology

20.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31
32.

33.

(2019) 20:402

Lopez-Gédmez JM, Villaverde M, Jofre R, Rodriguez-Benitez P, Pérez-Garcia R.
Interdialytic weight gain as a marker of blood pressure, nutrition, and
survival in hemodialysis patients. Kidney Int. 2005,67:563-8.

Hur E, Usta M, Toz H, Asci G, Wabel P, Kahvecioglu S, et al. Effect of fluid
management guided by bioimpedance spectroscopy on cardiovascular
parameters in hemodialysis patients: a randomized controlled trial. Am J
Kidney Dis. 2013;61(6):957-65.

Weiner DE, Tighiouart H, Amin MG, Stark PC, MaclLeod B, Griffith JL, et al.
Chronic kidney disease as a risk factor for cardiovascular disease and all-
cause mortality : a pooled analysis of community-based studies. J Am Soc
Nephrol. 2004;15(5):1307-15.

Charra B. Fluid balance, dry weight, and blood pressure in dialysis. Hemodial
Int. 2007;11(1):21-31.

Lee MJ, Doh FM, Kim CH, Koo HM, Oh HJ, Park JT, et al. Interdialytic weight
gain and cardiovascular outcome in incident hemodialysis patients. Am J
Nephrol. 2014;39(5):427-35.

Unruh ML, Evans IV, Fink NE, Powe NR, Meyer KB. Skipped treatments,
markers of nutritional nonadherence, and survival among incident
hemodialysis patients. Am J Kidney Dis. 2005;46(6):1107-16.

Dantas LGG. N&o aderéncia a hemodidlise: Prevaléncia e fatores associados
[Dissertagdo]. Salvador: Escola Bahiana de Medicina e Saude Publica; 2013.
Daugirdas JT. Simplified equations for monitoring Kt/V, PCRn, eKt/V, and
ePCRn. Adv Ren Replace Ther. 1995;2(4):295-304.

Hecking M, Karaboyas A, Antlanger M, Saran R, Wizemann V, Chazot C, et al.
Significance of interdialytic weight gain versus chronic volume overload:
consensus opinion. Am J Nephrol. 2013,38(1):78-90.

Kalantar-Zadeh K, Regidor DL, Kovesdy CP, Van Wyck D, Bunnapradist S,
Horowich TB, et al. Fluid retention is associated with cardiovascular
mortality in patients undergoing long-term hemodialysis. Circulation. 2009;
119(5):671-9.

Cabrera C, Brunelli SM, Rosenbaum D, Anum E, Ramakrishnan K, Jensen DE,
et al. A retrospective longitudinal study estimating the association between
interdialytic weight gain and cardiovascular events and death in
hemodialysis patients. BMC Nephrol. 2015;16:113.

Thomson GE, Waterhouse K, Mc Donald HPJ, Friedman EA. Hemodialysis for
chronic renal failure. Arch Intern Med. 1967;120:153-67.

Agarwal R. Volume-associated ambulatory BP patterns in hemodialysis
patients. Hypertension. 2009;54:241-7.

Daugirdas JT, Greene T, Rocco MV, Kaysen GA, Depner TA, Levin NW, et al.
Effect of frequent hemodialysis on residual kidney function. Kidney Int.
2013;83(5):949-58.

Jansen MAM, Hart AAM, Korevaar JC, Dekker FW, Boeschoten EW, Krediet
RT, et al. Predictors of the rate of decline of residual renal function in
incident dialysis patients. Kidney Int. 2002,62(3):1046-53.

Zhang M, Wang M, Li H, Yu P, Yuan L, Hao C, Chen J, Kalantar-Zadesh K.
Association of Initial Twice-Weekly Hemodialysis Treatment with
preservation of residual kidney function in ESRD patients. Am J Nephrol.
2014;40:140-50.

Mathew A, Obi Y, Rhee CM, et al. Treatment frequency and mortality
among incident hemodialysis patients in the United States comparing
incremental with standard and more frequent dialysis. Kidney Int. 2016;
90(5):1071-9.

Kurita N, Hayashino Y, Yamazaki S, Akizawa T, Akiba T, Saito A, et al.
Revisiting Interdialytic weight gain and mortality association with serum
albumin interactions: the Japanese Dialysis outcomes and practice pattern
study. J Ren Nutr. 2017;27(6):421-9.

Weiner DE, Brunelli SM, Hunt A, et al. Improving clinical outcomes among
hemodialysis patients: a proposal for a “volume first” approach from the
chief medical officers of US Dialysis providers. Am J Kidney Dis. 2014,64(5):
685-95.

Flythe JE, Kimmel SE, Brunelli SM. Rapid fluid removal during dialysis is
associated with cardiovascular morbidity and mortality. Kidney Int. 2011;
79(2):250-7.

Flythe JE, Brunelli SM. The risks of high ultrafiltration rate in chronic
hemodialysis: implications for patient care. Semin Dial. 2011;24(3):259-65.
Assimon MM, Wenger JB, Wang L, Flythe JE. Ultrafiltration rate and mortality
in maintenance hemodialysis patients. Am J Kidney Dis. 2016,68(6):911-22.
Movilli E, Gaggia P, Zubani R, Camerini C, Vizzardi V, Parrinello G, et al.
Association between high ultrafiltration rates and mortality in uraemic
patients on regular haemodialysis. A 5-year prospective observational
multicentre study. Nephrol Dial Transplant. 2007;22(12):3547-52.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

Page 10 of 10

Canaud B, Tong L, Tentori F, Akiba T, Karaboyas A, Gillespie B, et al. Clinical
practices and outcomes in elderly hemodialysis patients: results from the
dialysis outcomes and practice patterns study (DOPPS). Clin J Am Soc
Nephrol. 2011,6(7):1651-62.

Castle SC. Clinical relevance of age-related immune dysfunction. Clin Infect
Dis. 2000;31(2):578-85.

Rayner HC, Pisoni RL, Bommer J, Canaud B, Hecking E, Locatelli F, et al.
Mortality and hospitalization in haemodialysis patients in five European
countries: results from the Dialysis outcomes and practice patterns study
(DOPPS). Nephrol Dial Transplant. 2004;19(1):108-20.

World Health Organization. Physical Status: the Use and Interpretation of
Anthropometry. Report of a WHO Expert Committee. Technical Report
Series no. 854. Geneva: WHO; 1995.

Rambod M, Bross R, Zitterkoph J, Benner D, Pithia J, Colman S, Kovesdy CP,
Kopple JD, Kalantar-Zadeh K. Association of Malnutrition-Inflammation Score
with quality of life and mortality in hemodialysis patients: a 5-year
prospective cohort study. Am J Kidney Dis. 2009;53(2):298-309.

Sabatino A, Regolisti G, Karupaiah T, Sahathevan S, Sadu Singh BK, Khor BH,
et al. Protein-energy wasting and nutritional supplementation in patients
with end-stage renal disease on hemodialysis. Clin Nutr. 2017,36:663-71.
Beberashvili I, Sinuani |, Azar A, Yasur H, Shapiro G, Feldman L, et al. IL-6
levels, nutritional status, and mortality in prevalent hemodialysis patients.
Clin J Am Soc Nephrol. 2011;6(9):2253-63.

Zoccali C, Mallamaci F, Tripepi G. Inflammatory proteins as predictors of
cardiovascular disease in patients with end-stage renal disease. Nephrol Dial
Transplant. 2004;19(Suppl 5):V67-72.

Jialin W, Yi Z, Weijie Y. Relationship between body mass index and mortality
in hemodialysis patients: a meta-analysis. Nephron Clin Pract. 2012;121(3-4):
102-11.

Qureshi AR, Alvestrand A, Divino-Filho JC, Gutierrez A, Heimbdrger O,
Lindholm B, et al. Inflammation, malnutrition, and cardiac disease as
predictors of mortality in hemodialysis patients. J Am Soc Nephrol. 2002;
13(Suppl 1):528-36.

Ipema KIR, Kuipers J, Westerhuis R, Van Der Schans CP, Krijnen WP, Franssen
CFM. Causes and consequences of Interdialytic weight gain. Kidney Blood
Press Res. 2016;41:710-72.

Yang SC, Chiang CK, Hsu SP, Hung KY. Relationship between Interdialytic
weight gain and nutritional markers in younger and older hemodialysis
patients. J Ren Nutr. 2008;18(2):210-22.

Usvyat LA, Barth C, Bayh |, Etter M, von Gersdorff GD, Grassmann A, et al.
Interdialytic weight gain, systolic blood pressure, serum albumin , and C-
reactive protein levels change in chronic dialysis patients prior to death.
Kidney Int. 2013;84(1):149-57.

Sesso RC, Lopes AA, Thomé FS, Lugon JR, Martins CT. Brazilian chronic
Dialysis survey 2016. J Bras Nefrol. 2017;39(3):261-6.

Bradbury BD, Fissell RB, Justin MA, Anthony MS, Critchlow CW, Pisoni RL,

et al. Predictors of early mortality among incident US hemodialysis patients
in the Dialysis outcomes and practice patterns study (DOPPS). Clin J Am
Soc Nephrol. 2007;2(1):89-99.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and subjects
	Data collection
	Exposure variables, outcome and covariates
	Statistical analysis

	Results
	Cohort characteristics and non-adherence measures
	Mortality and non-adherence to haemodialysis
	Subgroup analysis

	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

