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Abstract
Purpose—Low serum albumin concentration and low dietary protein intake are associated with
protein-energy wasting (PEW) and higher mortality in maintenance hemodialysis patients. The
role of these nutritional markers is less clear in clinical outcomes of the first several months of
dialysis therapy, where mortality is exceptionally high.

Methods—In a cohort of 17,445 incident hemodialysis patients, we examined variation in serum
albumin and the normalized protein catabolic rate (nPCR), a surrogate of dietary intake, and
quarterly mortality in the first 2 years of dialysis therapy. Cox proportional hazard models were
fitted to estimate the association between mortality and combined albumin/nPCR categories for
eight quarters. We investigated the associations between mortality and baseline and subsequent
serum albumin levels per cohort quarter as well as changes in albumin and nPCR over time.
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Results—Patients were 64 ± 15 years old (mean ± SD) and included 45 % women, 24 % African
Americans and 58 % diabetics. Correlations between quarterly serum albumin and nPCR varied
from 0.18 to 0.25. Serum albumin <3.5 g/dL was consistently associated with high mortality as
was nPCR <1 g/kg/day (except for qtr1). Low serum albumin and nPCR greater than 0.2 g/dLg/dL
or g/kg/day, respectively, were associated with increased risk of death. Quarterly rise in nPCR (>
+0.2 g/kg/day) showed reverse effect on mortality from the 2nd to the last quarter.

Conclusions—Low serum albumin and nPCR are associated with mortality. A rapid rise in
nPCR by the end of the second year may indicate pre-existing PEW.

Keywords
Hemodialysis; Mortality; Albumin; Protein catabolic rate

Introduction
Serum albumin (Alb) and normalized protein nitrogen appearance (nPNA also called nPCR)
are important indicators of nutritional status in dialysis patients. Several factors may
contribute to low levels of albumin such as urinary albumin loss, inadequate dietary intake,
and inflammation [1]. Concentration of serum albumin is associated with nPCR as well as
with an acute phase proteins (APPs), C-reactive protein (CRP), and α1 acid glycoprotein
(α1AG) [2–5]. Dialysis affects protein metabolism through losses in substrate and increase
in the net protein catabolism. During a dialysis session, 6–12 g of amino acids is lost, and
the ribosome content of muscles decreases indicating decrease in protein synthesis [6].
Additionally, inflammation can decrease albumin synthesis and increase albumin fractional
catabolic rate (FCR) [2].

Dialysis Outcomes and Practice Patterns Study (DOPPS) in the US reported that patients
with serum albumin below 3.5 g/dL had higher risk of death [7]. Ten-year cohort study
reported increased risk of death in patients with serum albumin below 3.8 g/dL [8].
Estimated population attributable fraction (PAF) of death for maintenance hemodialysis
(MHD) patients with albumin lower than 3.8 g/dL was 19 %. Hypothetically, 10,000 deaths
could be prevented in the USA annually if serum albumin levels in MHD patients were at
least 3.8 g/dL [9]. A Meta-analysis of 38 studies with total of 265,330 patients showed an
inverse relationship between albumin, all-cause, and cardiovascular mortality [10].
Shinaberger et al. [11] reported that a decrease in a daily protein intake by 0.2 g/kg/day
during 6 months was associated with increased risk of death in the following 18 months.

We hypothesized that a combination of serum albumin and nPCR levels may be predictive
of mortality in dialysis patients in the first 24 months after a dialysis initiation. Higher levels
of albumin and nPCR could represent better nutritional status and less inflammation in
ESRD patients. Patients with serum levels of albumin above 3.5 g/dL and nPCR levels
above 1.00 g/kg/day may have better survival during the first 2 years of dialysis, and an
increase in serum albumin and nPCR may improve patient's survival during the same time
period.

Methods
Sources of data, study population, and follow-up

We examined a cohort of incident hemodialysis patients who started a hemodialysis
treatment from July 01, 2001, to June 30, 2006, at one of DaVita's dialysis centers. Patients
receiving peritoneal dialysis were excluded.
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We combined information from DaVita databases with data from USRDS using a unique
patient identifier [12]. Patients were followed up to 5 years (1,830 days) or until death,
kidney transplantation, or the end of the follow-up. Person-time was obtained by calculating
the difference between the date of the first ever hemodialysis treatment and the end of
follow-up or other censoring events. All the quarterly laboratory measurements were
converted into cohort-quarters where the first quarter represented the baseline measurements
at the time of dialysis initiation rather than a calendar time of entry into a DaVita cohort.

Alb and nPCR as predictors of mortality
We examined the associations between mortality during each of the first eight quarters of
dialysis and combined levels of serum albumin and nPCR for the same quarters creating the
following combined categories: (1) Albumin > 3.5 g/dL *nPCR ≥1 g/kg/day; (2) Albumin >
3.5 g/dL *nPCR < 1 g/kg/day; (3) Albumin < 3.5 g/dL *nPCR ≥ 1 g/kg/day; (4) Albumin <
3.5 g/dL *nPCR < 1 g/kg/day.

The choice of categories was justified as follows: since serum albumin was a marker of both
nutrition and inflammation status, we tried to separate these two effects by combining
albumin with nPCR, a marker for a dietary protein intake. Patients with high nPCR but low
serum albumin would likely have adequate nutrition, and low albumin would indicate
inflammation; patients with low nPCR and serum albumin over 3.5 g/dL may have
inadequate nutritional status but perhaps were less likely to have an inflammation, while
patients with low values for both parameters could be malnourished and have an
inflammation, and patients with higher values for both parameters were more likely to have
neither of the two conditions.

Additionally, we examined serum levels of albumin and nPCR as separate predictors of
mortality during the first 8 quarters on dialysis. We chose the same categories for serum
albumin (comparing mortality for patients with <3.5 g/dL vs. ≥3.5 g/dL) and nPCR (≥1 g/
kg/day vs. <1 g/kg/day) for each of eight quarters.

Finally, we calculated differences between the measurements taken during each of the
quarters and the prior quarter for quarters 2–8 for serum levels of albumin and nPCR. We
then created “ change categories” for both laboratory parameters where change between
−0.2 to 0.2 g/dL for albumin and −0.2 to 0.2 g/kg/day were considered stable, while changes
in over 0.2 units were defined, respectively, as a decrease or an increase in the laboratory
parameter.

All blood samples were drawn using standardized procedure and transported to the Central
DaVita Laboratory located in Deland, FL usually within 24 h. Blood or serum levels of
albumin and creatinine were measured monthly. Estimated prescribed dialysis treatment
dose, known as Kt/V (single pool) [13], and protein intake (nPCR) [11] were obtained using
urea dynamic equations.

Statistical analyses
Descriptive analyses were conducted to examine population characteristics across four
combined albumin/nPCR categories. We also calculated mean serum levels of albumin and
nPCR for each quarter on dialysis and at baseline separately for patients who died during a
quarter and for those who survived. We examined correlations between serum levels of
albumin and nPCR by calculating correlation coefficients for each of 8 quarters.

Additionally, we examined associations between the risk of death during each of 8 quarters
and the continuous values of serum albumin and, separately, of nPCR. We rescaled the units
for both serum levels of albumin and nPCR by defining biologically and clinically
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meaningful increments of 0.2 g/dL for albumin and 0.2 g/kg/day for nPCR. The results are
presented in the online supplement.

We fitted Cox proportional hazard models to examine the associations between survival
during each of the eight quarters of dialysis and either combined Alb/nPCR categories,
change categories, or separate Alb or nPCR predictors. Case-mix adjustment was used in all
of survival analyses (see Tables 2, 3, 4 for description of the models). Additionally, we fitted
the models with an interaction term between Alb and nPCR; however, it did not change our
results, and the p values for the interaction were over 0.05 in all models.

All the analyses were conducted by using SAS 9.3 software (SAS Inc., NC).

Results
From July 1, 2001, to June 30, 2006, 82,566 patients started hemodialysis treatment at a
DaVita dialysis clinic within the first 90 days of therapy initiation. After excluding patients
younger than 18 (n = 637), incident peritoneal dialysis patients (n = 4,763), hemodialysis
patients with missing person-time (n = 6), hemodialysis patients who initiated the first week
of dialysis therapy outside of a DaVita clinic (n = 58,453), 18,707 incident hemodialysis
patients remained. During the first 24 months, 6,666 patients died (36 % or 30 deaths per
100 person years) and 1,399 received a kidney transplant. Furthermore, patients with
missing values for the serum levels of albumin and nPCR for all their time in cohort (n =
1,262) were excluded, and a total of 17,445 was used in the analyses.

The mean age for the patients in the study was 64, 45 % were females, 24 % were African
Americans, and 58 % were diabetics. At baseline, mean serum level of albumin was 3.49 g/
dL and mean nPCR level was 0.87 g/kg/day with 44 % of patients having serum albumin
levels less than 3.5 g/dL and 73 % having nPCR less than 1 g/kg/day.

Table 1 shows demographic characteristics by the combined serum albumin and nPCR
categories at baseline (N = 13,740). There racial distribution differed between the groups,
especially between the reference group and the group with Alb <3.5 g/dL and nPCR <1 g/
kg/day (53 % of whites and 19 % of blacks vs. 48 % whites and 27 % blacks, respectively),
as well as type of vascular access (47 % catheter use vs. 69 %), % of patients with diabetes
(54 vs. 66 %), and baseline serum levels of creatinine (7.2 vs. 5.6, respectively).

Tables 1S. A and B examined the mean serum levels of albumin and nPCR for each of 8
quarters in the cohort by survival status at the end of the quarter. We also looked at the
baseline serum albumin and nPCR values for the same patients and calculated the
differences between the means for quarterly and baseline values for each group (Fig. 1). In
mentioned tables and figure, we observed a steady increase in mean levels of serum albumin
and somewhat moderate increase in nPCR levels over time among patients who were alive
by the end of the quarter, while among those who died, mean albumin levels were lower
compared to baseline.

Correlations between serum albumin and nPCR were examined for each quarter with
correlation coefficients varying from 0.18 to 0.25 (p < 0.0001) (Scattered plots presented in
online supplement Figure 1S). Previously reported correlations for albumin and nPCR
varied from 0.06 to 0.26 [2, 5, 11, 14, 15].

In all analyses, we consistently observed an association between low serum level of nPCR
and improved survival during the first 3 months of dialysis treatment which reversed after
the first quarter.
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Table 2 and Fig. 2 present the case-mix-adjusted death hazard ratios for the eight quarters on
dialysis for combined categories for albumin and nPCR. Patients with serum albumin levels
less than 3.5 g/dL had substantial increase in mortality, especially after 3rd quarter (four- to
fivefolds) regardless of nPCR values. In comparison, nPCR seemed to have a lesser effect
and did not depend on serum levels of albumin.

Additionally, we examined change in serum levels of albumin and nPCR from the prior
quarter to the quarter of interest (Table 3; Fig. 3). We examined change in mean levels of
serum albumin and nPCR from the prior quarter to the quarter of interest separately for
patients who survived until the end of quarter and those who died during it. We found that
among patients who died during each of the quarters, mean values for serum level of
albumin always decreased from the prior quarter (Fig. 3a). We observed an increase in
nPCR levels in all patients from the previous quarter (higher in surviving patients) for the
first 9 months of treatment with some decrease in patients who died during later quarters
(Fig. 3b).

We observed strong (over threefold increase) consistent association between a decrease in
serum albumin over 02 g/dL and mortality, while an increase in serum level of albumin over
0.2 g/dL had showed only moderate survival advantage (Fig. 3c). Interestingly, the
association between change in nPCR and mortality was not consistent over time. While a
decline in nPCR was associated with an increase in mortality (although not as strong as
decrease in albumin), an increase in serum level of nPCR over 0.2 g/kg/day was protective
only during first 6 months. It showed no survival advantage and became strongly associated
with mortality by the end of a second year (HR = 2.77) (Fig. 3d).

Finally, we examined a change from the previous quarter in the combined serum levels of
albumin and nPCR (Table 4). We observed the highest increase in risk of death when both
serum albumin and nPCR decreased over 0.2 units. In a separate analysis, we observed an
increase in the risk of death during the last quarter among the patients with increased levels
of nPCR, especially evident when serum level of albumin decreased for over 0.2 g/dL.

Table 2S and Figure 2S indicate that an increase in Alb and nPCR were both associated with
lower mortality. Here, we present all-cause mortality analysis. The associations between
infectious, cardiovascular mortality, and serum albumin (<3.5 g/dL vs. >3.5 g/dL) for this
population were described elsewhere.

Discussion
Low serum albumin in dialysis patients is known to be associated with both malnutrition and
inflammation [5, 16] and nPCR is associated with dietary protein intake [11]. The links
between low appetite and inflammation [17] as well as between inflammation, anemia, and
malnutrition were reported previously [18]. Albumin and nPCR were determined to be
independent predictors of mortality in MHD patients [15]. In our study, we attempted to
separate those effects by creating 4 combined Alb and nPCR categories and examining all-
cause mortality for different categories over the first 8 quarters of dialysis treatment.

Additionally, we examined the mean levels of albumin and nPCR for each quarter and
compared them to the baseline measurements. The lowest serum levels for both parameters
were recorded at the time of dialysis initiation. This can be due to a volume overload that
many patients experience prior and shortly after starting renal replacement therapy (RRT)
[5]. A study by Chandna et al. [14] observed a substantial drop in nPCR in CKD patients in
the 3 months preceding initiation of dialysis. National Kidney Foundation's K/DOQI clinical
practice guidelines recommend daily protein intake from 06 to 0.8 g/kg/day for CKD
patients, but 1.2–1.3 g/kg/day for MHD patients, which could also contribute to low nPCR
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levels at baseline [19]. nPCR could be increased in hemodialysis patients after 2 months of
taking protein dietary supplements [20]. In fact, among patients in our study, 73 % had
nPCR less than 1 g/kg/day at the time of dialysis initiation, but by the end of month 6, this
number decreased to 50 % and remained unchanged by the end of a 2nd year which may
explain the protective role of low nPCR in the first 3 months of dialysis treatment
consistently observed in all our analyses.

The mean for serum albumin increased with every quarter of dialysis treatment for patients
who were alive at the end of the quarter, but it was consistently lower compared to the
baseline for the patients who died. The fact that we observed an increase in the serum level
of albumin for each consecutive quarter among surviving patients may suggest a survival
advantage for the healthier patients who had higher serum albumin levels at baseline.
However, while the mean level of serum albumin increased over time, it was higher among
surviving patients, but lower for patients who died during the quarter of interest while
comparing to their own baseline values which may also indicate positive effect of dialysis
treatment among survivors.

While examining mortality among 4 combined Alb and nPCR categories, we found that low
serum albumin was associated with higher mortality independent of nPCR levels. The
weakest associations were observed during the time of dialysis initiation, and the strength of
associations increased after 3–6 months.

The strong association between low levels of serum albumin and mortality was observed in
all our models and was consistent for all 8 quarters. While our results were consistent with
those previously reported [2, 5, 8, 9], we were the first to examine mortality patterns from
quarter to quarter. Importantly, survival advantage of higher and increasing serum albumin
levels persisted over time. Positive association between low level of nPCR and mortality
was reported before [11, 14] and was observed in our study although the strength was lower
compared to the effects of albumin.

Examining changes in serum levels of albumin from the previous quarter to the next for the
first 8 quarters showed consistently strong association (over threefold for most quarters)
between the risk of death and decrease in albumin over 0.2 g/dL, while increase was
inversely associated with mortality. Although we are not aware of any studies examining
mortality patterns and their association with changes in serum levels of albumin over time,
an association between a change in albumin and mortality was shown previously either for
the shorter follow-up or as cumulative measure [21, 22].

As we examined changes in serum level of nPCR over time, we found that decline in nPCR
over 0.2 g/kg/day within a 3-month period was associated with elevated risk of death. The
association was previously noted, although not as a pattern for over 2-year time period [11,
21]. The surprising finding was that an increase in nPCR over 0.2 g/kg/day appeared to have
protective effect only for the first 6–9 months after which it became uncertain. It showed
strong positive association with mortality after 21st month of a followup. It was previously
reported that rapid increase in nPCR or nPCR over 1.4 g/kg/day may be attributed to
negative nitrogen balance, increase in catabolic rate during infection, or inflammation [11].
The fact that in our study this effect became clearly visible only during the last quarter may
indicate that the rapid increase in nPCR from quarter 7 to 8 in some patients can be due to
increase in catabolic rate because of protein-energy wasting (PEW) that progresses as
dialysis vintage increases. In fact, the mean level of creatinine for patients who died during
qtr 8 and had increase in nPCR for over 0.2 g/kg/day was 7.7 mg/dL, but it was 8.6 for
patients from the same group who survived for at least to 24 months. The mean weight for
the same patients was 63 kg compared to 76 kg among those who had an increase in nPCR
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but survived. The change in weight from the previous quarter was −1.3 kg for those who
died and had rapid increase in nPCR from the previous quarter, while surviving patients
showed 0.5 kg weight gain for the same time period. When we examined combined changes
in serum albumin and nPCR, it was evident that during the last quarter, patients with
decrease in nPCR had the same elevated risk of death as patients with increased nPCR,
which was especially evident in a group of patients with decreased serum level of albumin.

Several randomized studies reported an increase in serum levels of albumin due to increase
in dietary protein intake when patients were given nutritional oral supplements during
dialysis sessions [23, 24]. After reviewing published nutritional studies of dialysis patients
from 1970 to 2009, Kalantar-Zadeh et al. [25] concluded that providing patients with in-
center oral supplements showed an increase in serum levels of albumin and in dietary
protein intake, and decrease in overall and cardiovascular mortality in dialysis patients. A
review by Dukkipati et al. [26] concluded that the intradialytic parenteral nutrition (IDPN)
and intravenous infusion of essential nutrients during hemodialysis treatment had good
safety profile and could potentially improve protein and energy status and decrease a risk of
PEW. Loss of nutrients through dialysis, poor appetite, and weight loss are common
problems for patients receiving RRT [27].

As previous studies showed, use of the in-center oral supplementation may play an
important role in increasing serum levels of albumin by increasing a dietary protein intake
[12, 23–25]. While in-center meals for dialysis patients are standard practice in many
European and Asian countries, most dialysis clinics in the USA do not offer them. Providing
patients with meals or oral supplements during a dialysis therapy can be efficient and cost-
effective way to improve their nutritional status, which can lead to a better quality of life and
a longer survival [25]. This can be important for patients with low serum albumin and nPCR
levels, especially for those with rapid increase in nPCR due to acceleration of a catabolic
rate. Policy changes regarding the in-center nutritional practices may be required before this
practice can become widely adapted in the USA.

To our knowledge, this is one of the largest longitudinal studies of incident dialysis patients
that attempted to look at the serum levels of albumin and nPCR over the first 24 months of
dialysis treatment associated with mortality patterns. The novelty of our study is that we
look separately and in great detail at each quarter examining the effects of serum levels of
albumin and nPCR in an attempt to separate the effects of malnutrition and inflammation
associated with low albumin. Unfortunately, we did not have information on CRP levels for
our cohort which could potentially help us to account for inflammation with greater certainty
as the CRP's role, a marker of inflammation, is well established as is its association with low
serum levels of albumin in MHD patients [3–5]. Neither had we information about dietary
practices, hence the protein or caloric intake, of the patients enrolled.

Conclusion
Low quarterly serum albumin levels were strongly associated with an increase in all-cause
mortality in incident hemodialysis patients during the first 24 months of dialysis treatment
regardless of levels of nPCR. Moreover, decline in serum level of albumin over 0.2 g/dL
from the prior quarter was also a strong predictor of mortality.

Quarterly levels of nPCR lower than 1 g/kg/day were associated with increased risk of death
except for the first 3 months of dialysis treatment. Decrease in nPCR over 0.2 g/kg/day was
predictive of higher mortality which could indicate that maintaining a daily protein intake of
1–1.2 g/kg/day after initiation of dialysis treatment could be beneficial to hemodialysis
patients.
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An abrupt increase of 0.2 g/kg/day or higher in serum level of nPCR after 21 months of
dialysis treatment may be an indicator of PEW process and such change should be viewed
with caution, especially if loss of weight and decline in serum creatinine occurs
simultaneously. This should be carefully monitored in patients with rapid decline in serum
albumin level combined with increase in nPCR. Dietary modifications increasing daily
protein intake in this patient group may be necessary. Policies promoting in-center meals or
oral supplementation for patients receiving RRT may be required in order to improve
nutritional status of the patients, which can lead to better life and longer survival.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Mean serum levels of albumin and nPCR for each of the 8 quarters in cohort by survival
by the end of the qtr compared to mean baseline values for the same group and changes in
means from baseline to each quarter by survival; N = 17,745
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Fig. 2. Hazard ratios of death comparing combined Alb/nPCR categories or the first 8 quarters
(24 months) of dialysis treatment among incident hemodialysis patients from 5-year DaVita
cohort; 07/01-06/06
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Fig. 3.
Change in the mean serum levels of ALB and nPCR from the previous quarter to the quarter
of interest separately for alive (black) patients and those who died during the quarter (gray)
(a, c) and Hazard ratios of death comparing increase and decrease in serum levels to no
change (b, d) for incident dialysis patients from 5-year DaVita cohort; 07/01-06/06
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Table 2

HR for the case-mix models looking at the mortality for each of the first 8 qtrs on dialysis among combined
nPCR and Alb measurements with Alb > 3.5 and nPCR > 1 as a reference category (HR = 1) for incident HD
patients from 5-year DaVita cohort 07/01-06/06

QTR in cohort HR (95 % CI) nPCR < 1ALB > 3.5a HR (95 % CI) npcr > 1ALB < 3.5a HR (95 % CI) nPCR < 1ALB < 3.5a

1–3 months (qtr1) 0.72 (0.59–0.88) 2.50 (1.86–3.11) 1.86 (1.54–2.25)

4–6 months (qtr2) 1.26 (0.93–1.71) 3.34 (2.46–4.53) 4.48 (3.40–5.89)

7–9 months (qtr3) 1.53 (0.97–2.42) 5.80 (4.24–7.92) 6.94 (5.07–9.50)

10–12 months (qtr4) 1.29 (0.95–1.75) 4.99 (3.38–7.35) 5.56 (3.61–8.58)

13–15 months (qtr5) 0.92 (0.54–1.58) 3.52 (2.53–4.89) 6.53 (5.07–8.41)

16–18 months (qtr6) 0.98 (0.74–1.31) 6.96 (3.67–9.66) 6.69 (4.85–9.22)

19–21 months (qtr7) 1.10 (0.73–1.69) 5.05 (2.54–10.03) 5.94 (3.92–9.00)

22–24 months (qtr8) 0.93 (0.59–1.47) 3.98 (2.19–7.24) 4.60 (2.68–7.92)

Case-mix adjustment included adjustment for gender, race/ethnicity (African Americans, Hispanics, non-Hispanic whites, and others), and the
parameters measured at baseline such as: age, primary insurance (Medicare, Medicaid, and others), marital status (married, single, divorced, or
widowed), dialysis vascular access [central venous catheter (CVC), arteriovenous fistula (AVF), and arteriovenous graft (AVG)], dialysis dose
(single pool Kt/V), diabetes mellitus, atherosclerosis, congestive heart failure (CHF), other cardiac conditions, cerebrovascular disease (CVA),
peripheral vascular disease (PVD), chronic obstructive pulmonary disease (COPD), cancer, hypertension, inability to ambulate, smoking status, and
a calendar quarter indicating time of entry into a DaVita cohort for a secular trend. All the models starting from quarter 2 were also adjusted for the
baseline levels of albumin and nPCR

a
nPCR > 1 ALB > 3.5 = ref group (HR = 1)
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Table 3
Hazard ratios of death for the change in serum levels of ALB and nPCR from the prior
quarter to the quarter of interest for the first 8 quarters of dialysis treatment for incident
hemodialysis patients from 5-year DaVita cohort; 07/01-06/06

QTR in cohort HR (95 % CI)
Δ ALB ↓over 0.2 g/dLa

HR (95 % CI)
Δ ALB ↑over 0.2 g/dL

q2-q1 2.57 (2.23–2.97) 0.47 (0.40–0.56)

q3-q2 3.54 (2.92–4.29) 0.93 (0.76–1.13)

q4-q3 3.40 (2.82–4.10) 0.69 (0.52–0.91)

q5-q4 3.14 (2.51–3.92) 1.09 (0.79–1.52)

q6-q5 3.40 (2.73–4.24) 0.71 (0.52–0.99)

q7-q6 3.57 (2.84–4.49) 0.88 (0.62–1.27)

q8-q7 3.81 (2.92–4.97) 0.80 (0.52–1.23)

QTR in cohort Δ nPCR ↓over 0.2 g/kg/daya Δ nPCR ↑over 0.2 g/kg/day

q2-q1 1.65 (1.34–2.03) 0.69 (0.57–0.83)

q3-q2 2.38 (1.73–3.26) 0.90 (0.64–1.27)

q4-q3 1.74 (1.26–2.42) 1.17 (0.76–1.80)

q5-q4 2.04 (1.26–3.29) 1.30 (0.81–2.08)

q6-q5 2.60 (1.67–4.06) 1.32 (0.82–2.14)

q7-q6 2.64 (1.71–4.08) 1.64 (0.81–3.32)

q8-q7 2.99 (1.83–4.87) 2.77 (1.74–4.41)

Case-mix adjustment included adjustment for gender, race/ethnicity (African Americans, Hispanics, non-Hispanic whites, and others), and the
parameters measured at baseline such as: age, primary insurance (Medicare, Medicaid, and others), marital status (married, single, divorced, or
widowed), dialysis vascular access [central venous catheter (CVC), arteriovenous fistula (AVF), and arteriovenous graft (AVG)], dialysis dose
(single pool Kt/V), diabetes mellitus, atherosclerosis, congestive heart failure (CHF), other cardiac conditions, cerebrovascular disease (CVA),
peripheral vascular disease (PVD), chronic obstructive pulmonary disease (COPD), cancer, hypertension, inability to ambulate, smoking status, and
a calendar quarter indicating time of entry into a DaVita cohort for a secular trend. All the models starting from quarter 2 were also adjusted for the
baseline levels of albumin and nPCR

a
reference = no change (HR = 1)
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