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In hemodialysis patients extracellular fluid overload is a
predictor of all-cause and cardiovascular mortality, and a
relation with inflammation has been reported in previous
studies. The magnitude and nature of this interaction and
the effects of moderate fluid overload and extracellular
fluid depletion on survival are still unclear. We present the
results of an international cohort study in 8883
hemodialysis patients from the European MONDO initiative
database where, during a three-month baseline period,
fluid status was assessed using bioimpedance and
inflammation by C-reactive protein. All-cause mortality was
recorded during 12 months of follow up. In a second
analysis a three-month baseline period was added to the
first baseline period, and changes in fluid and inflammation
status were related to all-cause mortality during six-month
follow up. Both pre-dialysis estimated fluid overload and
fluid depletion were associated with an increased mortality,
already apparent at moderate levels of estimated pre-
dialysis fluid overload (1.1–2.5L); hazard ratio 1.64 (95%
confidence interval 1.35–1.98). In contrast, post-dialysis
estimated fluid depletion was associated with a survival
benefit (0.74 [0.62–0.90]). The concurrent presence of fluid
overload and inflammation was associated with the highest
risk of death. Thus, while pre-dialysis fluid overload was
associated with inflammation, even in the absence of
inflammation, fluid overload remained a significant risk
factor for short-term mortality, even following
improvement of fluid status.
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I n dialysis patients, the presence of extracellular fluid
overload (FO) is associated with hypertension and left
ventricular hypertrophy, while reversal of FO improves

blood pressure (BP) and cardiac remodeling.1,2 Recent studies
have shown that severe FO, defined as an expansion of the
extracellular fluid by more than 15% (around 2.5 L in a
person weighing 70 kg), is associated with lower survival in
both hemodialysis (HD) and peritoneal dialysis patients.3–5

However, whether lower degrees of FO are also associated
with mortality or the risk associated with FO increases
incrementally with higher levels of FO has yet to be studied.
Moreover, circumstantial evidence suggests that fluid deple-
tion (FD) is also associated with adverse outcomes.6 This is a
highly relevant clinical question, because FD may contribute
to intradialytic hypotension, impaired organ perfusion, and
cardiac stunning.7 Also, high ultrafiltration volumes required
to normalize extracellular fluid volumes are associated with
increased mortality8 and can lead to postdialysis FD. The
association between depleted fluid status and mortality has
not been investigated previously.

Importantly, the hazards of abnormal fluid status may be
modified by inflammation. Smaller studies have shown that
inflammation, as reflected by increased C-reactive protein
(CRP) levels, is associated with indicators of FO.9,10 However,
it is not known to what extent the concurrent presence of FO
and inflammation is associated with an increased mortality
risk, or whether the mortality risk of FO persists after
adjustment for inflammation. Moreover, the nature and time
line of this interaction has yet to be studied. Whereas FO
might lead to inflammation (e.g., because of translocation of
endotoxins through an edematous bowel7), inflammation
might conversely precede FO (e.g., due to a reduction in lean
body mass which, if undetected, may result in inadequate dry
weight prescription).
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This study in a multinational HD population had 3 goals.
Firstly, to investigate the association between both moderate
and severe FO and that of FD with all-cause mortality. Sec-
ondly, to assess the joint and separate effects of inflammation
and fluid status on survival. Lastly, to identify the dynamic
interaction of these parameters.

RESULTS
We included 8883 patients with a median age of 63 years,
57.2% male, and a median dialysis vintage of 3.6 years
(Table 1 and Figure 1). Patient characteristics stratified by
predialysis fluid status are presented in Table 2.

Categorical analysis of mortality risk associated with different
levels of fluid state
In the adjusted analysis, levels of predialysis FO were associated
with risk of death. Compared to normovolemia, hazard ratios
(HR) formortality increased from1.64 (95%confidence interval
[CI]: 1.35–1.98) in the groupwithmoderate FO to 4.23 (95%CI:
3.16–5.65) in patients with extreme FO (Figure 2a). In addition,
predialysis FDwas also associated with increased mortality (HR:
2.03, 95% CI: 1.32–3.12). The association between fluid status
and mortality was confirmed in a second analysis in which
predialysis fluid status was divided by normohydration weight
on a patient base level. The association with mortality was
assessed via quantiles, and the same trend of incrementally
increased risk of death with higher levels of fluid overload and
with fluid depletion was observed (data not shown).

Predialysis systolic BP increased incrementally with fluid
status. It was lowest in the predialysis FD group, and highest
in patients with the most extreme FO (Table 2). CRP was
lowest in the normovolemia group, and increased incre-
mentally with both FO and FD. Serum albumin levels
decreased with increasing FO. Inter-dialytic weight gain
(IDWG) and ultrafiltration rate (UFR) were the lowest in
predialysis normovolemic patients and increased with both
predialysis FO and FD, with the longest treatment time in the
group with extreme FO predialysis (Table 2). The number
of baseline multifrequency bioimpedance spectroscopy
(MF-BIS) measurements did not materially affect the results
(data not shown).

When the calculated postdialysis fluid status was analyzed,
the same trend of an increasing risk of death by increasing
levels of postdialysis FO was observed (Figure 2b). With regard
to BP, the same trend of increasing BP with higher level of fluid
overload was observed both before and after dialysis (Table 2).
However, postdialysis FD was associated with significantly
better survival compared with postdialysis normovolemia
(HR: 0.74, 95% CI: 0.62–0.90) (Figure 2b). The majority of
patients with postdialysis FD were normovolemic before
dialysis, but a small percentage of patients also originated from
the predialysis moderate and extreme FO groups (Figure 3).

Concurrent presence of FO and inflammation
Concurrent presence of inflammation and FO increased the
risk of death in a dose-dependent fashion. Predialysis FD
concomitant with inflammation was also associated with a
higher mortality risk. In patients with predialysis severe FO in
whom no inflammation was present, the HR was 3.09 (95%
CI: 2.20–4.36); the HR increased to 6.02 (95% CI: 4.41–8.23)
when inflammation was present (Table 3). Also in the nor-
movolemia group, an increased risk was observed when
inflammation was present (HR: 2.53, 95% CI: 1.81–3.53).

Dynamic interactions between fluid and inflammatory status
In this part of the study we included 5450 patients, 56.7% fe-
male, 17.7% with diabetes, and 84.5% with an arterio-venous
fistula (Table 1). The highest percentage of patients (40.9%,
n ¼ 2228) was categorized into the FO–/inflammation not
present (I–) group and the lowest percentage (13.4%, n¼ 732)
into the FOþ/I– group (Figure 4). Patients in the FO–/I– group
were younger, more often female, and had higher hemoglobin,
albumin, creatinine, and normalized protein catabolic rate
(nPCR). They were also less likely to have diabetes, and their
predialysis BP was lower than patients categorized into any
of the FOþ groups. A subset analysis in patients in the first
year of dialysis showed materially identical results, with equal
distribution over all groups (Supplementary Material B).

Changes in fluid and inflammation status between the first
and second baseline periods. Figure 4 depicts patients
switching between the different groups. In general, themajority
of patients remained in the same group throughout the study
period. Of the 773 patients in the FOþ/Iþ group, 10.7%
changed to the FO–/I– group in the second period. Of the 1717
patients in the FO–/Iþ group in baseline period 1, 12.5%
experienced FO in the subsequent period (switched to the
FOþ/Iþ group and FOþ/I– groups), whereas of the 732 FOþ/I–

patients, 26.8% experienced inflammation during follow-up.
In a subset analysis with patients stratified by access type,

starting in the FO–/I– group was significantly less frequent in
patients with catheter access (32.1%) compared to those with
an arteriovenous fistula (42.5%) (P < 0.001). They also more
frequently remained in 1 of the inflammation groups
(Supplementary Material C).

Change in fluid and inflammation status and its association
with mortality. Patients who continued to experience
inflammation and FO were at highest risk of death (HR: 9.44,

Table 1 | Demographic characteristics at baseline for the total
cohort (N [ 8883) and subgroup (N [ 5450)

Variable

Total cohort Dynamic cohort

Mean (SD) Mean (SD)

Age (yr) 63 (14.8) 61.7 (15.6)
Males 57.2% 56.7%
Dialysis vintage (yr) 3.6 (1.6–6.9) 3.7 (1.8–7.2)
Diabetes Mellitus 17.1% 17.7%
Catheter access 18.6% 15.5%
Northern Europea 21 (0.2%) 3 (0.1%)
Eastern Europea 4145 (46.7%) 3116 (57.2%)
Western Europea 333 (3.7%) 133 (2.4%)
Southern Europea 4384 (49.4%) 2198 (40.3%)
aStratification for the 4 regions within Europe was based on the United Nations
geographic scheme.
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