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Abstract Unlike iron therapy, folate use is not a standard
of care in hemodialysis (HD) patients. Despite iron re-
pletion, poor response to erythropoietin (EPO) treatment
is common. Theoretical evidence for folate deficiency
(FD) includes chronic blood loss, inflammation, malnu-
trition, and nutrient loss during dialysis. Due to poor di-
agnostic standards, early studies failed to establish a role
for FD in EPO resistance. Given that hematological re-
sponse to therapeutic intervention is the gold standard for
FD, its diagnosis was therefore based on composite
scoring of RBC and/or folate indices.
Fifteen subjects (8–20 years) on chronic HD were en-
rolled in this study. No folate supplement was given in the
first six months. Thereafter, 5-mg folic acid was admin-
istered orally after HD sessions over a six-month period.
Folate indices before and after treatment were compared
using percentage differences and paired t-tests. After fo-
late use, the mean Hb increased by 11.4%, while MCV
and RDW were reduced. Similarly, 4 of the 15 subjects
each had a �20% rise in Hb and a �5% reduction in
MCV, while 46.7% had a �2.5% reduction in RDW.
Mean RBC folate increased by 24%, while FD scores
reduced from 3.8€1.2 to 0.4€0.7, and the EPO require-
ment by 90%.
In contrast to previous studies, 26.7% of study subjects
met the criteria for FD. Furthermore, the substantial (post-
folate) reduction in the EPO requirement validates the
need for therapeutic intervention, and therefore the pres-
ence of functional FD in the population.
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Background

Anemia control in hemodialysis (HD) subjects reduces
hospitalization rates and health care expenditures [1].
Quality of life, including physical performance, psycho-
social and cognitive functions, are improved [2, 3]. In-
adequate erythropoietin (EPO) production is the principal
cause of anemia in chronic kidney disease (CKD) [4].
Consequently, the use of recombinant human EPO (rhE-
PO) has revolutionized its clinical management [3, 5].

Although adequate Fe repletion is an essential com-
ponent of anemia therapy in CKD [6, 7], routine folate
supplementation is not a standard of care in HD. How-
ever, there is a wide variability in the effective therapeutic
dose of EPO, despite adequate Fe status [8]. The etiology
of EPO resistance may include folate deficiency (FD),
chronic blood loss, oxidative stress, inadequate dialysis
and malnutrition [8, 9, 10, 11, 12, 13, 14]. Others are
TNF-a cytokines, hyperparathyroidism, ACE genotype
polymorphism and uremic retention of hematopoietic in-
hibitor [13, 14, 15, 16, 17]. Whereas most of these factors
are poorly modifiable, FD is easy to control at a relatively
low cost.

Folic acid is required for DNA synthesis during
erythropoiesis [9]. Dialysis patients are at risk of FD from
poor nutrition, shortened red blood cell (RBC) lifespan,
and hydrosoluble nutrient loss [9, 10, 11]. Folate loss
during HD may be exacerbated by high-flux membranes,
with a drop in serum folate (SF) within two months of
treatment [10, 11].

The paucity of data on the role of FD in EPO resis-
tance may be due to the poor specificity of folate diag-
nostic indices [18, 19, 20]. Serum folate varies widely
with dietary intake and is also underestimated in CKD
due to retention of folate binding proteins [19, 20]. In
addition, although RBC folate has a better correlation
with tissue folates, its normal reference values vary
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widely [20]. Furthermore, the diagnostic accuracy of se-
rum and RBC folates are genetically influenced by (me-
tabolizing) enzyme polymorphisms, the laboratory tech-
niques used, and the geographical location [21, 22, 23,
24].

In non-dialysis subjects, an early diagnosis of cellular
folate depletion can be made by estimating total plasma
homocysteine [12]. Unfortunately, its accuracy in ESRD
is confounded by its plasma retention [25]. Despite its
subjectivity, therapeutic response to folate therapy is still
favored as the most accurate means of FD diagnosis [12].
Thus, unlike the use of laboratory diagnostic indices, FD
was defined by composite scoring of the quantitative
changes in RBC indices after folate use.

Objectives

The objectives of the study were:

i. To determine the prevalence of folate deficiency in
children and adolescents on chronic HD.

ii. To examine the impact of folate administration on
anemia control in the study population.

iii. To examine the role of folate deficiency on impaired
EPO response in the study subjects.

Subjects and methods

A total of 15 subjects who had received HD for a minimum of 3
months and rhEPO for 2 months between the period of July 2002
and July 2003 were enrolled for the study. Their mean age was
16€3.5 yrs with a range of 8–20. The male to female ratio was 3:2.
Five of the 15 subjects had focal segmental glomerulosclerosis
(33.3%), 4 had renal dysplasia (26.6%), 2 had non-specific chronic
glomerulonephritis (13%), 1 patient each had membranoprolifera-
tive glomerulonephritis (6.6%), HIV-associated nephropathy
(6.6%), tubulo-interstitial nephropathy (6.6%) and lupus nephritis
(6.6%). There were 10 Hispanics and 5 African Americans, largely
reflecting the demographic characteristics of the hospital patient
population. All patients had normal hemoglobin (Hb) genotypes
except for Hb AS in an African American. Twelve subjects (80%)
routinely used cuffed double-lumen HD catheters for vascular ac-
cess while three had native arteriovenous fistulas.

Prior to the initiation of the study, no patient was on routine
folate supplementation. Baseline complete blood count (CBC),
serum and RBC folates, serum vitamin B12, and total plasma ho-
mocysteine (tHcy) were obtained. However, there was an overlap in
the diagnostic accuracy of the RBC parameters. Thus, mean cor-
puscular volume (MCV) value may be indicative of FD in one
patient, while random distribution width (RDW) may suggest
otherwise. Therefore, in order to enhance their predictive values,
the FD was defined by aggregate scores of the RBC indices.
Similarly, FD (score) was quantified by a composite score of MCV,
RBC morphology, serum and RBC folates. The FD score was
validated previously in a pilot survey of the same population. In
addition, EPO resistance index (ERI) was calculated by dividing
the values of the hematocrit (%) by the corresponding weekly EPO
dose (unit-dose per kg body weight). Observer-confirmed oral
doses of 5-mg folates were given three times per week at the end of
the HD session. Anemia was managed according to NFK/DOQI
guidelines [6]. The dose of rhEPO was increased by 25% every 2–
4 weeks to achieve a target Hb of 12.0 g/dl. Ten doses of 100–
125 mg intravenous (IV) Fe were given with consecutive HD if Fe

saturation was <20% and/or serum ferritin was <100 ng/mL. If Fe
saturation was >20% and/or ferritin was >100 ng/mL, IV Fe (25–
125 mg) was administered weekly. If Fe saturation was >50% and/
or ferritin was >800 ng/mL, Fe therapy was withheld for up to 3
months.

Laboratory techniques

Plasma homocysteine was measured using the fluorescence polar-
ization immunoassay (FPIA) method (Abbott Laboratories, Abbott
Park, IL, USA) while serum vitamin B12, serum and RBC folates
were analyzed by Stratus fluorometric enzyme-linked assay
(DADE-Behring, Deerfield, IL, USA).

Statistics

All data sets were analyzed for a Gaussian distribution using the
D’Agostino-Pearson test for kurtosis, skewness and omnibus nor-
mality. Normally distributed data were reported as means € stan-
dard deviations (SD). Otherwise the data were expressed as medi-
ans and ranges. Folate indices obtained during the first six months
were compared to the corresponding (post-folate) values using
paired t-tests (for parametric) and Wilcoxon-Signed Rank sum tests
(non-parametric). In addition, due to the small number of study
subjects, all normally distributed data were further analyzed with
non-parametric statistics. However, there was no disagreement
among the results obtained from the two analyses, so only para-
metric equivalents were reported.

The hematological impact of folate therapy was estimated by
comparing (by paired t-test) the sequential changes (or D) of the
monthly Hb, MCV, EPO doses and ERI before and after folate use.
Pre- and post-treatment changes in folate indices were further an-
alyzed after sub-classification of subjects into FD and non-FD
groups. Additionally, temporal effects of folate use were assessed
by comparing the changes in RBC and EPO (resistance) indices for
the first and the last three months of therapy.

Indices for folate status, malnutrition and inflammation were
scored as composites in order to minimize the effects of con-
founders (see Appendix A). In addition, the mean body mass index
(BMI) was analyzed at the onset and after 6 months and 12 months
of the study, using a two-by-three factorial ANOVA. The FD was
defined by composite scoring of hematological responses to folate
use (see the FD diagnosis parameters described below). A p value
�0.05 was considered significant for all statistics.

Composite scoring scheme

Folate deficiency scores:

a. RBC folate�2�SD (score=2)
b. MCV�95th percentile for age and sex (=2) [26]
c. Megaloblastic RBC on blood film or RDW�16 (=1)
d. Hb�11 g/dL (with Fe saturation �20% and serum ferritin
�100 mg/dL) (=1)

The scoring system was presumed valid only in the presence of a
normal serum vitamin B12.

Malnutrition inflammatory score (MIS) [27]. Comprehensive
MIS (CMIS) is a questionnaire designed to quantify nutritional
deficiency and inflammatory burdens, and it has been validated for
adult dialysis patients [27]. Its components are weight change, di-
etary intake, functional impairment, comorbidity, loss of fat mass,
serum albumin and transferrin. To enhance its applicability to a
pediatric population, objective MIS (OMIS) was adapted from
CMIS. Its scoring is devoid of the subjective items in CMIS (Ap-
pendix A).
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Folate deficiency parameters

Folate deficiency was defined based on the following hematologi-
cal responses to folate therapy:

a. Twenty percent increase in the mean monthly Hb obtained
during folate use over the baseline (mean Hb during the pre-
vious six months), and

b. Five percent decrease in the mean monthly MCV over the
baseline, and/or

c. Two and one-half percent reduction in the mean monthly RDW
below the baseline.

Thus a patient is deemed to be folate-deficient if he meets at least 2
of the 3 criteria including item (a).

Results

Red blood cell indices

As illustrated by Table 1, the mean Hb for all subjects
prior to folate use (PreTX) was 10.5 g/dL. Its value in-
creased by 8% after treatment (p=0.03). Similarly, with
folate use, four of the subjects had a �20% rise in Hb
values, while two patients exhibited an increase of 15–
19%. Furthermore, there was 1.8% reduction in the mean
MCV (p=0.05) and a 3.3% reduction in RDW (p=0.001).
Twenty-six percent of the 15 subjects had �5% reduction
in mean MCV, while 46.7% had �2.5% reduction in
RDW.

Folate and vitamin B12 indices

As demonstrated by Table 2, after six months of treatment
the mean serum folate had increased by 38% (p=0.001),
while RBC folate appreciated by 24% (p=0.02). There

was an 850% reduction in FD score (p=0.001). In con-
trast, serum vitamin B12 increased by only 5.6% (p=0.2),
while plasma homocysteine depreciated by 12% (p=0.2).

Prevalence of folate deficiency

Twenty-six percent (patients 2, 6, 7 and 11) of the sub-
jects (Table 1) met the criteria for FD, which included
�20% increase in mean Hb, �5% decrease in MCV and/
or �2.5% reduction in RDW in response to folate use.

Hematological impact of folate use

Pre- and post-folate treatments

As illustrated by Table 3, the sum total of the mean D of
monthly Hb, MCV, EPO doses and the EPO resistance
index before and after folate use were compared. There
was a 2.5 g/dL drop in the mean Hb before folate treat-
ment, followed by a positive gain after therapy. Similarly,
an increase in mean DMCV of 4 fL was observed prior to
folate use, followed by a cumulative loss of 7 fL after
treatment. Whereas EPO doses increased in the absence
of folate, after treatment there was a net reduction in
requirement. Furthermore, there was a significant change
in the mean DEPO resistance index before and after folate
use. Although changes in the mean RBC indices after
three months of folate use were not significant (Fig. 1),
substantial differences were noted by the second half of
treatment: Hb (p=0.01), MCV (p=0.02) and RDW
(p=0.001). While there was a 57% increase in ERI in the
first 3 months (p=0.04), a 180% increase was seen by the
second half of the study (p=0.0001).

Table 1 Erythrocyte indices in a dialysis cohort before (P1) and following (P2) folate use

Patient Mean Hb € SD (g/dL) Mean MCV € SD (fL) Mean RDW € SD Mean EPO dose

P1 P2 P2�P1
(%)

P1 P2 P2�P1
(%)

P1 P2 P2�P1
(%)

P1 P2

1 9.8€1.5 7.1€1.2 �38.1 94.7€0.6 89.7€2.4 �5.6c 14.4€0.1 14.4€0.1 0.0 37.5€20 23.3€5
2 8.8€0.1 11.9€3.2 26.0a 86.0€0.6 85.4€1.7 �0.7 14.8€0.4 14.2€0.2 �4.2d 52.5€9 29.2€18
3 11.9€0.6 11.7€0.6 �1.7 91.3€1.0 90.1€1.2 �1.3 15.7€0.8 15.1€0.3 �3.9d 29.1€9 20€5
4 10.6€1.1 10.7€1.0 0.9 96.9€5.4 95.4€10.4 �1.5 15.6€0.3 15.4€0.5 �1.3 7.3€2 3.5€1.2
5 11.9€0.8 11.0€1.7 �8.7 94.5€1.6 94.7€3.4 0.2 14.6€0.2 14.7€0.4 0.7 23.3€8 13.3€4
6 8.7€1.1 11.5€1.5 24.3a 92€2.0 86.4€3.5 �6.1c 14.8€0.3 13.9€0.2 �6.5d 37.5€3 34.5€5
7 10.0€2.1 12.5€0.5 20.0a 95.8€4.1 96.2€3.0 0.4 15.6€0.3 15.2€0.4 �2.6d 37.5€8 13.3€8
8 11.8€0.6 12.2€1.1 3.8 100.2€5.4 92.6€2.2 �8.2c 17€0.9 15.5€0.3 �9.7d 23.3€6 7.9€2
9 10.7€1.4 10.5€1.3 �1.9 88.2€2.6 87.8€5.2 �0.5 14.2€0.3 14€0.1 �1.4 22.5€8 30€12

10 11.1€0.3 11.2€0.6 0.9 94.7€1.2 93.0€2.1 �1.8 16.2€0.3 15.9€0.3 �1.9 20€0 12€4
11 9.4€2.1 12.1€1.3 21.6a 85€1.8 78.9€5.0 �9.6c 16.7€0.6 16.2€0.8 �3.1d 45€23 26.3€16
12 11.4€1.7 12.1€1.5 5.2 97.7€5.2 104.4€2.3 6.4 15€0.8 14.1€0.3 �6.4d 32€9 16.7€16
13 10.6€1.2 12.9€1.3 18.0b 94.7€3.1 91.9€2.9 �3.0 17.1€0.5 16.9€0.4 �1.8 25€16 0.8€0.2
14 10.3€1.3 11.3€0.8 8.8 95.4€2.8 99.9€1.8 4.7 15.6€0.5 15.5€0.3 �0.6 31€11 1.0€0.3
15 10.5€0.8 12.5€2.1 15.5b 86.3€1.7 82€4.2 �5.0c 14.8€0.3 14.8€0.6 0.0 20.4€15 1.3€0.5
Mean 10.5€1.0 11.4€1.3 7.9 92.9€4.6 91.2€6.6 �1.8 15.5€0.9 15.0€0.9 �3.3 29.5€11 15.5€5
p e 0.03 0.05 0.001 0.0001

a Increase in mean Hb�20%; b Increase in mean Hb�15–19%; c Decrease in mean MCV�5%; d Decrease in mean RDW�2.5%; e Student
paired t-test; P1=mean of bimonthly values in the first six months of study (before folate supplements); P2=mean of bimonthly values in the
second six months of study (during folate supplements)
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Folate- (FD) and non-folate-deficient (NFD) subjects

We further analyzed the study population (Table 4) by
comparing those with FD to those without (NFD). Prior to
folate use, the mean serum folate was nearly equal in both
groups (7.8 vs. 8.1), but with treatment a substantial in-
crease was noted in both FD (p=0.04) and NFD (p=0.01).
Whereas the baseline RBC folate was lower in FD (379
vs. 633), after treatment there was an increase of 240 units
(p=0.05) in FD and 150 units (p=0.1) in NFD. While pre-
folate homocysteine was higher in FD (40.2 vs. 17.3;
p=0.0001), there was a 52% reduction in FD and a 43%
reduction in NFD after treatment (19 vs. 10; p=0.7). Al-
though the mean serum vitamin B12 was lower prior to
folate use in FD (367 vs. 694; p=0.01), with treatment
there was no significant increase (p=0.1 vs. p=0.4) in both
groups (Table 4). In the absence of folate, the mean ERI
for NFD was twice (1.6 vs. 0.8) that of FD (p>0.05); there
was a significant increase in ERI after folate use in both
groups.

Analysis of confounding variables

Iron indices

Following folate use, the (median) monthly serum Fe,
serum ferritin, Fe saturation and serum transferrin were
66 mg/dL (95% CI=61–84), 499.5 mg/dL, 41.5% (Ta-
ble 5) and 162 mg/dL (95% CI=74–1508) respectively.
Similarly, the median Fe saturation was �20% in all
subjects and median serum ferritin was �100 mg/dL in 14
patients. Furthermore, there was no significant difference
in the mean Fe saturation (41.4€4 vs. 37€8; p=0.36) and
the mean doses of IV Fe (sodium ferric gluconate) before
and during folate use (250€58 mg vs. 244€84 mg;
p=0.45).

Serum calcium, phosphates and intact PTH

As shown by Table 5, the median Ca and P products for
all subjects was 49 mg2/dL2. The median intact PTH was
688 pg/mL (38.5–2000). Patient 1 recorded the highest
value of PTH due to poor adherence to medical care.
There was no significant difference in mean serum Ca and
P products (41.0€10 vs. 51.2€10 mg2/dL2) and intact PTH
(652€647 vs. 907.3€650) in FD and NFD.

Table 2 Folate indices and folate deficiency scores (FDS) in a hemodialysis cohort before (P1) and following (P2) folic acid supplement

Patient Serum folate RBC folate FDSa

P1 P2 P2�P1 (%) P1 P2 P2�P1 (%) P1 P2

1 8.3 9.7 14.4 820 936 12.4 4 1
2 4.8 13.7 64.7 457 565 19.1 3 0
3 9.5 18.3 48.1 321 620 48.2 4 0
4 11.8 9.0 �31.1 909 473 �47.9 3 2
5 4.4 7.2 38.9 431 698 38.2 6 0
6 5 14.5 65.5 190 650 70.7 6 0
7 4.5 13.0 65.4 186 525 64.6 6 0
8 9.9 6.2 �59.6 928 734 �26.4 3 0
9 7.6 23.0 66.7 897 898 0.11 3 0

10 11.2 11.9 7.56 580 585 0.85 2 2
11 17 17.8 4.5 684 728 6.0 4 1
12 6.3 13.3 52.6 156 329 52.6 3 0
13 6.7 14.3 53.1 726 1550 51.7 4 0
14 6.2 10.3 39.8 748 928 19.4 3 0
15 7.8 13.7 43.1 446 837 46.7 3 0
Mean 8.1€3.4 13.1€4.4 38 [CI=11–52]b 565€274 743€288 24 [CI=4–41]b 3.8€1.2 0.4€0.7
a Folate deficiency score (see main text); b 95% confidence interval; P1=mean of bi-monthly values in the first six months of study (before
folate supplements); P2=mean of bi-monthly values in the second six months of study (during folate supplements)

Table 3 Comparison of cumulative sequential changes (D) in monthly erythrocyte indices and erythropoietin use in a dialysis cohort
before and during folate supplement

Indices Mean D

Before folate use (D1) During folate use (D2) Paired t-test (p) D2�D1 [95% CI]

Hemoglobin (g/dL) �2.5€5.8 4.6€6.2 0.02 7.1 [6.8 to 7.3)
Mean corpuscular volume (fL) 3.9€5.5 �3.1€6.2 0.02 �7.0 [�7.5 to �6.5]
Erythropoietin (U/kg) 5.6€2.6 �19.9€7.7 0.03 �25.5 [�29 to �22]
Erythropoietin resistance index 0.02€1.3 2.1€4.1 0.05 2.1 [0.1 to 4.0]
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Dialysis adequacy, nutritional and inflammatory indices

The (median) monthly urea reduction ratio (URR) for all
subjects was 70.4%, while the median for Kt/V was 1.5.
During folate use, 93.3% of the population had a mean
URR�65% and Kt/V�1.2. The median c-reactive protein
was 0.8 mg/dL (0.1–4.6 mg/dL), while median serum
albumin was 4.1 g/dL (1.5–4.6 g/dL). Despite its limita-
tions in dialysis subjects, body mass index (BMI) was
calculated from the estimated dry weight for each patient.
Statistical analysis (ANOVA) of the mean BMI at zero,
six and twelve months of the study period showed no
significant differences (p=0.11). Malnutrition and in-
flammation burden were graded by composite scores

(OMIS and CMIS). The correlation coefficient between
the CMIS and OMIS was 0.9 (99% CI=0.7–1) and p was
<0.0001. There was no significant difference in the mean
OMIS (10.2€3 vs. 8.1€2), and CMIS (9.0€3 vs. 7.3€2) for
FD and NFD (p=0.24).

Cost analysis

Over the six months of folate use, lower doses of epoetin
alfa or Aranesp (19,311.15 units per week) were required
(Table 3). At a cost of $281.55 for 10,000 units, the total
amount saved per subject was $870, and for all patients
was $13,050.

Discussion

Twenty-six percent of the study subjects met the criteria
for FD, contrary to previous reports of folate sufficiency
in the dialysis population. The prevalence of FD is often
under-reported when diagnosis is based on laboratory
references of serum and RBC folates. Thus, in a cross-
sectional study of adult HD subjects, only 1.8% with low
RBC folate were considered folate-deficient, whereas
63% had subnormal serum folate [28]. However, in
children with CKD, the mean serum folate was lower in
the subjects than in the controls [29]. Similarly, in Israeli
adults on HD, although 80% had a low serum folate, FD
was suggested by the lower EPO doses required to
maintain higher Hb levels [30].

In general, the outcomes of FD (prevalence) studies
are determined by the study designs. The current data
were derived from a twelve-month longitudinal (cohort)
study that compared the first half (without folate use) and
the last six months of treatment. The therapeutic response
of the patient to folate use was then analyzed by exam-
ining changes in EPO requirement, RBC and folate in-
dices. Because each subject serves as his/her own control,
confounding effects were minimized. Furthermore, the
potential bias from differences between the study group
and the laboratory reference population was avoided.

Prior to folate use, the median MCV and RDW for
most subjects were greater than the 75th percentile for age

Fig. 1 Quarterly changes in laboratory indices after folate use

Table 4 Folate indices and erythropoietin resistance indices between folate- and non-folate-deficient cohorts before (P1) and after (P2)
folate supplementation

Diagnostic Indices Folate-deficient (n=4) Non-folate-deficient (n=11)

Mean€SD Mean€SD

P1 P2 Paired t-test (p) P1 P2 Paired t-test (p)

S/Folate (ng/ml) 7.8€6.1 14.7€2.1 0.04 8.1€2.2 12.4€4.9 0.01
RBC folate (ng/ml) 379€239 617€90 0.05 633€263 781€380 0.12
tHcy 40.2€8.1 19.4€8.1 0.002 17.3€7.3 9.9€5.1 0.02
S/Vit. B12 (pg/ml) 367€108 503€193 0.13 694€207 685€207 0.46
ERI 0.8€0.3 2.6€0.7 0.001 1.6€1.0 3.2€2.3 0.02

ERI=erythrocyte resistance index; S/Folate=serum folate; S/Vit. B12=serum vitamin B12; tHcy=total plasma homocysteine; P1=mean value
in the first six months of study (without folate supplementation); P2=mean value during the second six months of study (with folate
supplementation)
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(Table 1) and the mean Hb was less than the minimum
recommended by K/DOQI (11 g/dL) [1, 5, 6]. Following
treatment, there was reduction in MCV and RDW and an
increase in mean Hb to 11.4 g/dL. Similarly, despite the
normal (compared with laboratory reference) baseline
folate in all subjects, FD was implied by a significant
increase in post-folate values (Table 3). On the other
hand, there was a very little change in pre- and post-folate
serum vitamin B12.

Furthermore, although MCV and RBC morphology are
more accurate determinants of FD than the folate indices
[31, 32], MCV may be confounded by increased periph-
eral erythroblasts in response to EPO therapy [9]. In ad-
dition, RDW, a measure of erythrocyte volumetric vari-
ation, is not specific for FD [9]. On the other hand, while
a low serum folate may suggest FD, a normal value does
not necessarily imply adequate folate stores [19, 20].
Given these limitations, RBC and folate indices were
scored (as a composite) to provide a quantitative estimate
of folate status (FD Score). The danger of over-reliance
on the diagnostic value of these laboratory indices was
exemplified by the poor therapeutic response of patient 5
to folic acid (non-FD) despite the high initial FD score
(Table 2). In contrast, patient 2 met the criteria for folate
deficiency regardless of the lower FD score.

The impact of folate intervention on RBC indices and
EPO requirements was estimated by the differences in
their D values before and after folate use. As shown in
Table 3, before treatment, there was a net drop in the Hb
value and an increase in the MCV and EPO requirements.
After folate use, the trend was reversed. In addition, the
(post-folate) increase in ERI is a clear indication of a
lower EPO requirement. The cost analysis showed a net
saving of $870 per subject during the folate therapy.
Similar cost savings have been previously demonstrated
with the combined use of parenteral iron and EPO [1, 7,
33]. Similarly, since the peak hematological response to

folate takes about 6–8 weeks, its impact is expected to
increase progressively with treatment. Consequently, the
magnitude of change in Hb, MCV, RDW and EPO re-
quirement was greater in the last three months of folate
use than during the initial period (Fig. 1).

Furthermore, after classification of the subjects into
FD and non-FD, the therapeutic responses to folate were
found to be more substantial in the FD group (Table 4); a
reasonable indicator of the internal validity of the FD
diagnostic parameters. In addition, pre-folate homocys-
teine, an established cardiovascular risk factor in the non-
renal population, was higher in FD than in the non-FD
subjects, reflecting the common finding of hyperhomo-
cysteinemia in FD states (Table 4) [25, 34, 35, 36].

The potential impact of confounding variables was
either controlled during the study design and/or accounted
for in the analysis. To avoid Fe deficiency anemia, all
patients received IV Fe, as recommended by NKF/DOQI
[7, 37]. Doses of IV iron given before and after folate use
were not significantly different. Iron indices suggest ad-
equate Fe repletion in all subjects. Although hyperpara-
thyroidism was universal in the study group, the Ca and P
product was below 70 in 14 of the patients. However, the
remarkably poor hematological response to folate in pa-
tient 1 (with highest PTH) may result from severe hy-
perparathyroidism. The paradoxical drop in EPO dose in
the same patient despite the reduction in Hb may be due
to its erratic administration resulting from a poor adher-
ence to dialysis schedule by the subject (Table 1). This
observation was further corroborated by the wide variance
in the mean EPO requirement (37.5€20) during the first
six months of the study. Nearly all subjects (93%) met the
target URR of 65% and Kt/V of 1.2. Furthermore, there
was no significant difference between the malnutrition-
inflammation scores in both FD and NFD groups. This is
also true for Fe indices, BMI, Ca, P, and intact PTH
(Table 5).

Table 5 Descriptive analysis of iron, calcium and phosphorous indices and intact PTH in a pediatric dialysis cohort on routine folate
treatment

Patient Fe sat
(%)

Serum ferritin
(mg/dl)

PTH
(pg/ml)

CaXP
(mg2/dl2)

Body Mass Index (kg/cm2)

Onset 6 mo 12 mo

1 33 500 2000 49 22.3 23.2 23.8
2 46.8 815 191 34.4 28.3 28.5 26.2
3 42.7 383.5 767 55.8 22.3 23.6 23.6
4 43.8 592.7 430 33.6 15.6 15.7 16.5
5 50 266 581 47.5 20.5 20.6 20.6
6 42 1190 701 35.3 12.8 13.8 13.9
7 35 287 1550 56 20.1 20.2 20.3
8 36 500 38.5 54.5 18.5 18.5 18.3
9 23 873 748 54.9 22.7 24.1 23.2

10 31 90.3 – 40.8 29.7 29.5 29.9
11 42 623 166 38.4 20 20.6 21.5
12 45 231 475 43.6 17.7 18.3 19.2
13 25 279 674 75.5 32.3 32.5 32.4
14 33 1080 1530 58.8 20.6 20.9 19.6
15 45 800 1830 49.3 17.6 17.8 17.0
Median
[95% CI]

42 [34–43] 500
[386–748]

688
[467–1201]

49
[42–55]

21.4€5.2 a 21.9€5.2 a 21.7€4.9 a

a ANOVA statistic: F=2.4, p=0.11
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In summary, the study supports the routine use of fo-
late for effective management of anemia in the HD pop-
ulation. In the absence of a diagnostic standard, aggregate
scoring of surrogate indices was used. In contrast to the
previous reports of folate sufficiency, 26.7% of the cohort
met the criteria for FD. However, because most patients
had some therapeutic response to folate use, the FD sub-
group may well represent those with the most severe
deficiencies. Thus the true prevalence of FD may be
higher than reported. Furthermore, the need for folate use
was validated by the substantial reduction in the EPO
requirement after folate therapy.

The small sample size limited the application of mul-
tiple regression in the analysis of confounding variables
[38]. In addition, because the diagnostic instruments were
designed for the study population, there is need for cau-
tion when generalizing some of the findings. Neverthe-
less, the favorable outcome of our study calls for utili-
zation of a similar methodology in future studies.

Appendix A

Objective Malnutrition Inflammation Score (OMIS). The
OMIS is a questionnaire designed to quantify nutritional
deficiency and inflammatory burdens. Component indices
and parameters are scored as shown below.

a) Primary renal pathology:

Score of 0:
Non-inflammatory (e.g. dysplasia)

2: Somewhat inflammatory (e.g. FSGS, previous renal
transplant)

3: Inflammatory (e.g. lupus nephritis, HIV nephritis)

b) Serum albumin:

Score of 0:
�4 g/dl

1: 3.5–3.9 g/dl
2: 3.0–3.4 g/dl
3: <3.0 g/dl

c) Serum total Fe binding capacity:

Score of 0:
�250 mg/dl

1: 200–249 mg/dl
2: 150–199 mg/dl
3: <150 mg/dl

d) Body Mass Index:

Score of 0:
�20 kg/m2

1: 15–19.9 kg/m2

2: 16–17.9 kg/m2

3: <16 kg/m2

e) Dialysis duration:

Score of 0:
0–1 yrs

1: 1–3
2: 3–5
3: >5

f) Grade of infection:

Score of 0:
None

0.5�(number of events):
low-grade (e.g. line induced bacteremia, upper respi-
ratory tract infection)

1.0�(number of events):
moderate (e.g. symptomatic line sepsis, pneumonia)

1.5�(number of events):
severe (infection warranting hospitalization)

g) Dialysis adequacy:

Score of 0:
URR�80%

1: 61–79%
2: 41–60%
3: <40%

h) Serum C-reactive protein:

Score of 0:
0–0.9 mg/dl

1: 1–1.9 mg/dl
2: 2–4.9 mg/dl
3: >5 mg/dl

i) Serum ferritin:

Score of 0:
0–500 mg/dl

1: 501–750 mg/dl
2: 751–1000 mg/dl
3: >1001 mg/dl
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