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Delta-He: a novel marker of inflammation predicting mortality
and ESA response in peritoneal dialysis patients
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Abstract

Background. Inflammation impairs erythropoiesis, iron availability and is associated with a higher
mortality risk in patients with end-stage renal disease. We studied the associations between Delta-
He [the difference between the reticulocyte haemoglobin content (Ret-He) and erythrocyte
haemoglobin content], a suggested marker of iron availability, and markers of inflammation, iron
status, response to erythropoiesis-stimulating agents (ESAs) and mortality in prevalent peritoneal
dialysis (PD) patients.

Methods. Eighty-two PD patients were followed weekly for 12 weeks with an additional follow-up
of 36 months. Delta-He, Ret-He and high-sensitivity C-reactive protein (hs-CRP) were measured
weekly and interleukin-6 (IL-6) and iron markers every fourth week. Mortality risk was assessed by
Cox proportional hazards model adjusting for potential confounding factors. The relationships
between ESA response, inflammatory markers, iron markers and Delta-He were evaluated in the
PD patients. The relationship between Delta-He and iron markers was analysed in 87 healthy
subjects.

Results. Delta-He correlated with IL-6 (rho=0.48, P<0.001), hs-CRP (rho =0.36, P<0.001) and ESA
hyporesponsivess index (EHRL; rho = —0.44, P <0.001) in the PD patients. Delta-He did not correlate
with iron markers in PD patients nor in healthy subjects. The mean Delta-He levels were significant-
ly different between the tertiles of EHRI (P < 0.01). Delta-He was associated with all-cause mortality
risk in PD patients after adjusting for age, gender, hs-CRP, comorbidity and nutritional status [OR
0.70 (0.51-0.96), P < 0.05].

Conclusions. Delta-He independently predicts all-cause mortality in PD patients after adjusting for
potential confounders and is a predictor of ESA response in PD patients.
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Introduction

A certain degree of inflammation is common in end-stage
renal disease (ESRD) patients and is considered an important
risk factor for mortality and cardiovascular events in this
patient population [1-3]. Cardiovascular disease (CVD) un-
derlies more than half of the mortality in dialysis patients [4].

During recent years, the predictive role of inflammatory
markers on mortality and cardiovascular events in pa-
tients with ESRD has been extensively studied [5, 6].
Of several markers of inflammation, interleukin-6 (IL-6)
has been shown to be one of the strongest predictors of
mortality [7, 8].

Inflammation may not only influence the prognosis and
risk of CVD, it may also cause a poor response to erythro-
poietin-stimulating agents (ESAs) [9-11], which in turn
has been associated with a negative impact on survival in

both haemodialysis (HD) and peritoneal dialysis (PD) pa-
tients [12, 13].

Delta-He is a potential marker of iron availability and, in
addition, it has been suggested as a marker of inflamma-
tion [14, 15]. It is calculated as the difference between re-
ticulocyte haemoglobin content (Ret-He) and erythrocyte
haemoglobin content (RBC-He). As Ret-He reflects the in-
corporation of iron into the erythroid progenitor cells over
the previous 2-4 days, it provides an estimate of function-
ally available iron [16, 17]. In contrast, RBC-He reflects iron
incorporation into erythrocyte haemoglobin over the pre-
vious 90-120 days due to the longer life span of mature
erythrocytes. Under normal conditions, Delta-He assumes
a positive value. This is due to the greater haemoglobin
content of reticulocytes compared with that of erythro-
cytes, owing to the gradual decline in haemoglobin
content as the erythrocyte ages [14]. As iron homeostasis
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and inflammation are intimately related through the
action of hepcidin, an acute inflammatory response sup-
presses iron availability to the erythropoietic progenitor
cells by retaining iron in the macrophages and inhibiting
iron absorption in the gut [18]. The subsequent redistribu-
tion of plasma iron rapidly induces hypofaerremia and also
a decrease in Ret-He, leading to a drop in Delta-He [14].

Information on Delta-He in the chronic kidney disease
population is scarce. In this observational study, we study
whether Delta-He can be used in PD patients to predict
clinical outcome and ESA response.

Materials and methods

This observational study with longitudinal follow-up was
aimed at evaluating the variation of inflammatory
markers in all prevalent PD patients who were being
controlled at the Karolinska University Hospital and
Danderyds Hospital in the Stockholm region. Patients were
recruited from March 2008 to April 2011. Only patients on
PD for >3 months were considered for inclusion. A total of
163 patients who were receiving regular PD treatment
were screened for inclusion, 66 of which refused to partici-
pate or were precluded to entry this study, 13 did not start
the study due to various reasons (including transfer to HD,
transplantation and mortality) and 2 were excluded
because of missing laboratory measurements. The re-
maining 82 patients (54 men, median age 64 [range 25th
to 75th percentile, 55-76] years) were included in the
study and were followed with blood samples obtained at
weekly or monthly intervals during a period of 3 months.

All patients were treated with PD using biocompatible
solutions (Physioneal, Nutrineal, Extraneal, Gambrosol Trio
or BicaVera) in different combinations. Sixty-three patients
were treated with continuous ambulatory PD using 1.5-
2.5 L fill volume and three to five exchanges/day, whereas
19 were treated with automated peritoneal dialysis.
Weekly Ki/V was 2.18 (1.84-2.47). Residual glomerular fil-
tration rate, estimated from the average of renal creatin-
ine and urea clearance in a 24-h urine collection, was 2.5
(1.2-3.9) mL/min/1.73 m? body surface area. The preced-
ing treatment time on dialysis, dialysis vintage, was 28 (7-
101) months. Most of the patients were on antihyperten-
sive medications as well as phosphate and potassium
binders, diuretics and vitamin supplementation in accord-
ance with the clinical judgment of the treating physician.
Seventy-seven patients received an individual ESA dosage
(Aranesp, Eprex, Neorecormon or Mircera) with the aim of
maintaining the haemoglobin level between 100 and 120
g/L. A factor of 200 was used to convert darbapoetin to
the equivalent epoetin dose. Iron substitution was admi-
nistered when required in order to maintain target
haemoglobin values; 26 PD patients received additional
iron supplementation.

All subjects gave written informed consent, and the re-
gional ethical committee approved the protocols.

All samples were obtained early in the morning and
after 12 h of fasting. The tubes were immediately placed
on ice until the assay was performed in the laboratory.
Biochemical measurements included plasma albumin,
haemoglobin, parathyroid hormone (PTH), high-sensitivity
C-reactive protein (hs-CRP), complete blood count (CBC),
Ret-He and Delta-He, and were measured every week until
study week 12. IL-6, serum ferritin and plasma iron were
measured every fourth week until study week 12.
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Ret-He and Delta-He were analysed with Sysmex XE-
5000, an automated haematology analyser. With the flow
cytometry technique, this instrument independently mea-
sures the volume and haemoglobin content of reticulo-
cytes and mature erythrocytes, providing the mean
haemoglobin content for reticulocytes (Ret-He; e denotes
equivalent) and erythrocytes (RBC-He; e denotes equiva-
lent) respectively, expressed in pg [17]. The Delta-He is
defined as Ret-He minus RBC-He and is automatically cal-
culated by the analyser [14]. The haemoglobin concentra-
tion was measured on Sysmex XE 5000. Biochemical
parameters including plasma albumin, hs-CRP, plasma
iron and plasma transferrin were analysed using Modular
P (Roche Diagnostics). PTH and serum ferritin were mea-
sured using Modular E (Roche Diagnostics). S-IL-6 was
analysed using Immulite (Siemens Medical Solutions
Diagnostics, Los Angeles, CA, USA).

Comorbidity was assessed according to Davies et al.
[19]. Scoring comorbidity includes chronic and active
conditions with poor survival prognosis in seven domains.
The comorbid score is the number of domains affected
(minimum score, 0; maximum, 7). Comorbidity was
graded as low (score=0; i.e. no comorbidity), medium
(score, 1 or 2) or high risk (score >3).

ESA hyporesponsivess index (EHRI), defined as the
weekly ESA dose/kg/haemoglobin level (g/L), was calcu-
lated based on baseline ESA doses. The baseline EHRI was
compared with baseline Delta-He in order to evaluate
the relationship of Delta-He to ESA response. The inter-
relationship between baseline values of Delta-He, IL-6,
hs-CRP, Ret-He, plasma albumin, plasma iron and serum
ferritin, respectively, was assessed. PD patients treated
with ESA (n=77) were divided into tertiles based on their
EHRI values. Baseline values of Delta-He, IL-6, hs-CRP,
Ret-He, plasma iron, serum ferritin and PTH were com-
pared between the EHRI tertiles.

Delta-He and hs-CRP were also analysed at all the sam-
pling occasions in a mixed model in order to assess clinical
and laboratory factors affecting Delta-He.

For comparative purposes, a group of healthy subjects
(n=87) were recruited from third year students at the
Karolinska Institutet medical school. After attaining in-
formed consent, laboratory measurements of Delta-He,
Ret-He, CBC, plasma albumin, plasma iron and serum fer-
ritin were obtained after overnight fasting and used for
comparative analyses.

Non-normally distributed variables were expressed as
median and interquartile range (25th and 75th percen-
tiles), and normally distributed variables were expressed
as mean + SD as appropriate. A P-value <0.05 was consid-
ered to be statistically significant. Spearman’s rank correl-
ation was used to determine correlations with continuous
variables. Stepwise multivariate regression analysis was
used to assess the predictors for Delta-He levels.

Comparisons between two groups were analysed by the
Wilcoxon test, the Fischer’s exact test or the Mann-
Whitney U-test. Spearman’s rank correlation (rho) was
used to determine correlations of Delta-He with other
variables in PD patients. Comparisons between the three
groups were analysed by Kruskal-Wallis, ANOVA and x*
tests. Clinical outcome was assessed through receiver
operator characteristic (ROC) curve analysis and the
C-statistic. Cox regression analyses were performed since
the assumption of proportionality of hazards was met for
all covariates. Selection of the confounders (age, sex,
comorbidities, nutritional status and inflammation) in
these models was performed on the basis of presumed
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pathophysiological pathways. Data are presented in the
form of hazard ratios (HRs) and 95% confidence intervals
(95% CIs).

The analysis of factors related to the variability of Delta-
He was carried out using a linear mixed-effect model [20]
that included both fixed effects and a random effect to
account for intra-individual variations due to repeated
observations of the same patients. The fixed effects speci-
fied in the model included baseline values (age, sex,
vintage and comorbidity) and study week (0-12 weeks).
F-tests were used to assess the significance of the fixed
effects. We estimated intra-class correlation (ICC) for
between- and within-individual variations for Delta-He.
Total variation comprises the within- and between-subject
variation, with the former further subdivided into analytic
variation, arising from measurement error and true bio-
logical variation. The sources of variation in the analysis
and their ICC, which quantify the percentage of total
variation, are explained by between-subject variations. The
remainder is explained by within-subject variation. All of
the statistical analyses were performed in SAS version 9.3
(SAS Institute, USA).

Results

Of 82 patients enrolled in the study, 69 patients com-
pleted 12 study weeks.

Baseline clinical and biochemical characteristics of PD
patients and healthy subjects are summarized in Table 1.
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As shown in Figure 1, PD patients had lower levels of
Delta-He and albumin, higher levels of CRP, whereas Ret-
He did not differ between the two groups. Selected uni-
variate Spearman rank correlations for PD patients are
presented in Table 2 and Figures 2 and 3. Delta-He corre-
lated positively with plasma iron, and inversely with the
inflammatory markers and EHRI. Delta-He was not signifi-
cantly associated with serum ferritin and plasma albumin.
EHRI was significantly associated with IL-6 and Ret-He.

In healthy subjects, Delta-He was not significantly asso-
ciated with serum ferritin (rho=0.07, P=0.54) and plasma
iron (rho=0.02, P=0.89).

The linear mixed model showed that time of sampling
(study week; 1-12), hs-CRP and Davies comorbidity score
may significantly influence the variability of Delta-He
(Table 3). Delta-He had the lowest component of variabil-
ity explained by between-subject variation (ICC for Delta-
He 0.39, SE=0.05) and thus, the highest within-subject
variation of 61%, suggesting that Delta-He measurements
are less stable within individuals.

Delta-He and Ret-He were significantly different be-
tween the tertiles of EHRI, as reported in Table 4. IL-6, hs-
CRP and plasma iron also differed significantly between
the tertiles of EHRI. There were no significant differences
for serum ferritin and PTH between the EHRI tertiles.

During the follow-up period of 36 months, 24 patients
died. ROC curve analysis assessing markers in relation to
mortality showed similar areas under the curve (AUCs) for
Delta-He (AUC=0.76) and IL-6 (AUC=0.77). The ROC curve
for the risk score models showed acceptable discriminant
power with a C-statistic of 0.636 (95% CI 0.573-0.698).

Table 1. Baseline clinical and biochemical characteristics of 82 PD patients and 87 healthy subjects

Parameters

PD patients (n=82) Healthy subjects (n=87)

Age (years)
Male (%)
Female (%)
Davies score (%)
Low comorbidity risk
Medium comorbidity risk
High comorbidity risk
Diabetes mellitus (%)
History of cardiovascular disease (%)
Vintage (months)®
Kt/Vurea
Residual GFR (mL/min/1.73 m?)
Haemoglobin (g/L)
P-albumin (g/L)
hs C-reactive protein (mg/L)
Delta-He (pg)
Ret-He (pg)
S-ferritin (ug/L)
Transferrin saturation (%)
EHRI (IU/kg/g/L Hb per week)
P-interleukin-6 (pg/mL)
P-tumour necrosis factor (pg/mL)
P-parathyroid hormone (pg/mL)
Medication use (%)
Antihypertensive drugs
Statins
Antiaggregants/anticoagulants
Erythropoietin-stimulating agents
Phosphate binders
Vitamin D receptor activators
Calcimimetics
Immunosuppressant drugs
Iron supplementation (intravenous or oral)

64+ 14 26 (+5)
66 33
4t 67

28 -
58

14

25

29

28 (7-101)
2.2(1.8-2.5)
3 (1-4)
119+11
32+£5

4.1 (1.4-10.6)
2.3(0.9-3.9)

137+ 14
41%3

3.1(2.3-3.7)
34.0 (32.4-36.3) 33.8(32.0-36.0)
299 (179-538) 42 (23-82)

26 (19-35) -

0.65 (0.26-0.89)
6.5 (3.9-9.6)
16.7 (14.7-18.6)
281 (146-443)

NA
NA
NA

91 -
49
49
93
72
83
12
13
32

Categorical data are shown as percentage; continuous data as mean * SD or median and interquartile range (25th and 75th percentiles) as appropriate.

NA, not available.
“Vintage denotes preceding total time on PD.
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Ret-He, albumin and CRP levels in 82 PD patients and 87 healthy subjects (HS). Data are presented as box plots with whiskers

representing 10th and 90th percentiles. Mann-Whitney U-test assessed statistical differences.

Table 2. Univariate Spearman rank correlations for PD patients

Ret-He Plasma iron Transferrin saturation (%) IL-6 hs-CRP EHRI
Delta-He (pg) - 0.43* 0.32* —0.45** -0.36** —0.44**
Ret-He (pg) 0.37* 0.32* -0.15%%9 -0.20%97 -0.36*
Plasma iron (pmol/L) 0.86** —0.54** —0.58** -0.38**
Transferrin saturation (%) —0.38** —0.42** —0.2100¢
Plasma IL-6 (pg/mL) 0.71** 0.32*
0.35*

hs-CRP (mg/L)

P-values are provided in superscript; *P < 0.01; **P < 0.001.

The cut-off for Delta-He was identified as 1.4 pg and had
a value of 0.57 and 0.76 for specificity and sensitivity,
respectively.

In a multivariate Cox regression analysis, baseline
Delta-He value was able to independently predict mortal-
ity (Figure 4). In a model adjusting for age, gender, hs-CRP,
Davies comorbidity score and SGA, Delta-He was inde-
pendently associated with clinical outcome with a HR of
0.70 (95% CI 0.51-0.96). In crude analysis, Ret-He had a
HR of 0.98 (95% CI 0.86-1.11) (Figure 4). Statistical signifi-
cance was not present in crude or after multivariate ad-
justment. In crude analysis, IL-6 had a HR of 1.05 (95% CI
1.00-1.09) (Figure 4). However, statistical significance was
lost after full multivariate adjustment.

Discussion

Delta-He is based on two parameters; Ret-He and RBC-He,
where the former reflects the rapid change in iron avail-
ability. The latter parameter, on the other hand, reflects

the long-term iron availability. Acute inflammation rapidly
induces a redistribution of plasma iron mediated by hepci-
din, resulting in hypoferraemia with a consequent drop in
Delta-He. Whereas the mean haemoglobin content of reti-
culocytes, measured as Ret-He, is readily affected by the
rapid decrease in iron supply, the mean haemoglobin
content of erythrocytes (RBC-He) is not affected corres-
pondingly in the short run, because of the longer life span
of red blood cells (90-120 days) when compared with the
life span of reticulocytes. It is thus through the action of
hepcidin and iron redistribution that Delta-He constitutes
a marker of both erythropoiesis and inflammation. In ab-
solute iron deficiency, however, low-to-normal values of
Delta-He are expected because of the gradual decrease in
both Ret-He and RBC-He over time, in contrast to the rapid
change in Delta-He seen during an acute inflammatory
response [14, 18].

In the current study of ESRD patients, Delta-He
was negatively associated with inflammation (IL-6 and
hs-CRP) and predicted the response to ESA treatment as
shown by the significantly different Delta-He values of
the EHRI tertiles in addition to a statistically significant
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Fig. 2 Correlations, expressed as univariate Spearman rank rho values, between Delta-He and plasma albumin, CRP, IL-6 and ferritin concentrations in

82 PD patients.
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Fig. 3. ROC curve analysis of all-cause mortality risk in relation to age, hs-
CRP, Delta-He and IL-6 among 82 PD patients. All-cause mortality risk was
assessed during follow-up period of up to 36 months.

association of baseline Delta-He to baseline EHRI. As
shown in previous studies, inflammation is a well-known
cause of ESA hyporesponsiveness [9-11].

Table 3. Variance components analysed by a linear mixed model for
Delta-He in weekly samples of PD patients (n = 69) obtained over a period
of 12 weeks

Variable Coefficient  SE Z-test  P-value
Age, years 0.025 0.01 2.09 0.04
Time (study week) -0.06 0.02 -3.06 0.00
Subjective global assessment 0.15 0.34 0.44 0.66
Log hsC-reactive protein (mg/L)  —0.47 0.051 -9.14 0.001
Davies, medium risk -1.4 0.38 -3.6 0.001
Davies, high risk -1.7 0.38 -3.62 0.001
Gender -0.18 0.36 -0.50 0.61
Intercept 2.61 0.84 3.11 0.001

Delta-He predicted all-cause mortality risk as well as did
IL-6. We have shown that a single baseline measurement
of Delta-He can independently predict all-cause mortality
in PD patients. The association was robust as it remained
after adjustment for age, sex, comorbidity and nutritional
status; factors known to affect mortality rates in ESRD pa-
tients [21]. In the adjusted model, an increase of one unit
of Delta-He was associated with a 30% reduction in the
mortality risk. The ROC curve of Delta-He demonstrated an
AUC of 0.76, explaining 26% of the mortality in the PD pa-
tients, and was comparable with that of IL-6.

This study is the first to show that Delta-He can be
useful as a marker for risk stratification and ESA require-
ments in the dialysis population. A unique feature of the
present study is the frequent measurement of parameters
during 12 weeks of follow-up, allowing analysis based on
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Table 4. Laboratory parameters according to tertiles of EHRI (IU/kg/g/L Hb per week) in 77 PD patients

Tertile 0 (n=26) Tertile 1 (n=25) Tertile 2 (n=26) P-values

EHRI 0.13 (0.23-0.34) 0.46 (0.56-0.69) 0.91 (1.15-1.46)

Ret-He (pg) 36.1(33.5-37.1) 33.5(32.0-35.4) 33.4 (31-35.2) 0.007
Delta-He (pg) 3.4 (1.9-4.3) 2.3 (0.8-4.0) 1.2 (-0.5-2.9) 0.002
IL-6 (pg/mL) 5.0 (3.0-8.4) 5.6 (3.6-8.5) 8.5 (5.7-14.3) 0.030
hs-CRP (mg/L) 2.6 (0.9-6.8) 1.7 (1.0-7.1) 7.4 (3.5-20.5) 0.009
P-iron (umol/L) 14.5(11.0-18.5) 13.0(9.5-18.0) 11.5(7.8-13.3) 0.030
S-ferritin (ug/L) 255 (127-624) 273 (154-473) 382 (200-544) 0.510
PTH (pg/mL) 267 (185-344) 329 (129-450) 235(131-539) 0.910

Model 3 —o— . —o— i H—|
Model 2 He—i A —eo— |
Model 1 —e— B o i i -
Crude FoH | A —o— . om
I T I T T 1 T ; T T 1
0.0 0.5 1.0 06 08 10 12 14 0.96 1.00 1.04 1.08 1.12
Delta -He, pg Ret-He, pg IL-6, pg/ml

Fig. 4. Delta-He, Ret-He and IL-6 in relation to all-cause mortality risk in 82 PD patients. Associations are expressed as HRs with 95% CIs for all-cause
mortality risk during up to 36 months of follow-up in the crude model and adjusted models where Model 1= adjustment for age and gender; Model
2 = adjustment for Model 1 + hs-CRP (not done for IL-6); and Model 3 = adjustments for Model 2 + Davies comorbidity score + subjective global assessment.

the linear mixed model which showed that inflammation
(hs-CRP) significantly affected the variability of Delta-He.

Several parameters of inflammation have been identi-
fied as risk markers for mortality in patients with ESRD
[22]. Hitherto, IL-6 has shown the strongest predictive
value for all-cause mortality in patients on maintenance
dialysis [7, 8]. Inflammation as a risk marker for mortality
has also been demonstrated in studies performed on
PD-patients solely, in which CRP has been shown to be an
independent risk factor of all-cause mortality and CVD
[6, 23]. Despite the superiority of IL-6, CRP still remains
the most commonly measured inflammatory parameter
in the clinical setting due to its high availability, low cost
and lack of diurnal variation [24].

An advantage of Delta-He compared with IL-6 is the
low cost and the practical advantage of using the same
blood sample as for a routine CBC, allowing simultaneous
analysis of Delta-He as well as saving both money and
patient blood needed for additional laboratory tests. In
addition, Delta-He has the advantage that it can be mea-
sured automatically, enabling the provision of rapid
results to the clinician [25, 26]. Both Ret-He and RBC-He
have demonstrated high precision and good stability with
minimal variations over time during storage, and apart
from alpha- or beta thalassaemia or macrocytosis, Delta-
He is exempt from significant interferences [17, 27].
However, even though a single baseline value of Delta-He
was able to predict ESA hyporesponsiveness and mortal-
ity, Delta-He demonstrated high intra-individual variation,
suggesting the need for follow-up testing in clinical praxis.

There are several limitations of the current study that
need to be taken into account when interpreting the
results. First, the observational design precludes con-
clusions regarding causality. A second limitation is the
relatively small number of patients. Thirdly, a possible con-
founder is that some patients were treated with intraven-
ous iron, which can affect Ret-He and thus, in theory, also
affect Delta-He [28]. Finally, we analysed data on dialysis/
plasma creatinine (D/P Cr) in a subset of patients (57 of
the 82 patients in the study). We found no effect on
outcome nor any correlation to Delta-He in this cohort.

Aside from these limitations, repeated measurements
of parameters during a 12-week time period allowing as-
sessment of factors linked to the variability of Delta-He re-
present a major strength of this study.

In this study comprising 82 PD patients, Delta-He was
found to be associated with inflammation, response to
ESA, and all-cause mortality risk. Thus, our findings
suggest that Delta-He may have a role as a marker of mor-
tality risk in this patient population. Considering the wide
distribution of the instrument (Sysmex XE-5000) and the
high availability to clinicians, measurements of Delta-He
have the potential to be integrated into the routine
follow-up of patients with minimal extra costs.

Risk assessment in ESRD patients is important, as the
mortality rates are remarkably high. With the aid of risk
markers such as Delta-He and IL-6, patients at higher risk
of poor outcome may be identified, so that treatable
risk factors may be eliminated in order to alleviate the total
risk burden of the individual patient.
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