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Abstract

Background : The risk factors for anemia of prematurity (AOP) among late preterm infants are un-
elucidated. We identified risk factors for declining hemoglobin (Hb) concentration and triggering
factors for AOP treatment in infants born at 30-35 gestational weeks.

Methods : From 2012 to 2020, we conducted a single-center retrospective study of infants born at
30-35 weeks of gestation without congenital anomalies or severe hemorrhage. The primary out-
come was AOP development, defined by initiation of treatments including red blood cell transfusion,
subcutaneous injections of erythropoietin, and iron supplementation. A multivariable logistic re-
gression model was used to investigate potential risk factors for AOP.

Results : A total of 358 infants were included. Lower gestational age (odds ratio, 0.19 ; 95% confi-
dence interval 0.11-0.32), small for gestational age (SGA ; 7.17, 2.15-23.9), low maternal Hb level
before birth (0.66, 0.49-0.87), low Hb at birth (0.71, 0.57-0.89), and multiple large blood samplings
(1.79; 1.40-2.29) showed significantly higher odds for AOP development.

Conclusions : Gestational age, SGA, low maternal Hb before birth, Hb at birth, and high number of
large blood samplings were positively associated with AOP development in infants born at 30-35

gestational weeks.
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plementation have been used as preventive or thera-

Introduction peutic measures for AOP, and the time of initiation

Anemia of prematurity (AOP) is a common
complication in preterm infants and is characterized
by reduced erythropoietin (EPO) production, re-
duced red blood cell (RBC) lifespan, and a hypo-re-
generative bone marrow"”. Almost all extremely
low birth weight (ELBW) infants experience a pro-
nounced decline in hemoglobin (Hb) concentration,
and nearly 80% of ELBW infants receive RBC trans-
fusion®”.  On the other hand, very-, moderate-, and
late-preterm infants, but not ELBW infants, also of-
ten experience a remarkable decline in Hb concen-
tration, although it is less severe than that in ELBW
infants. Recombinant human EPO and/or iron sup-
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of these procedures in ELBW infants has been dis-
cussed in previous reports”. The effectiveness of
these treatments for AOP among very low birth
weight or low birth weight infants has also been
shown in previous studies, and recombinant human
EPO and/or iron supplementation has been initiated
for AOP in infants other than those with ELBW>®.
The pathophysiology and risk factors for AOP
among ELBW infants have been studied”, and phle-
botomy loss has been reported as a major contribu-
tor to AOP.  Recently, a reduction in excessive loss
of blood to prevent AOP has been discussed”. Oth-
er findings can be used to evaluate hematopoiesis
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and anemia, including Hb count, hematocrit (Ht),
and reticulocyte count (Ret). However, the role of
these factors in AOP among moderate- to late-pre-
term infants is unclear. Additionally, the influence
of other perinatal conditions, such as small for gesta-
tional age (SGA) and breastfeeding status are not
well elucidated. Because adequate initiation of
treatment for AOP may lead to better neurodevelop-
mental outcomes even in non-ELBW preterm in-
fants®, identification of the risk factors of AOP in
ELBW and larger preterm infants is important. If a
higher risk of AOP can be predicted from the birth
situation, neonate characteristics, or laboratory data
at birth, earlier initiation of treatment and careful
management to prevent anemia can be consid-
ered. For this reason, it is also important to under-
stand the progress of interventions for AOP during
admission. Therefore, we aimed to explore poten-
tial risk factors for declining Hb concentration and
the triggering factors for AOP treatment among pre-
term infants born at a gestational age of 30-35
weeks.

Materials and methods

All infants born at a gestational age of 30-35
weeks in Yaizu City Hospital from April 1, 2012, to
April 30, 2020 were candidates for this single-center
retrospective cohort exploratory study. Yaizu City
Hospital is a regional perinatal medical center in Ja-
pan that mainly treats infants with a gestational age
above 30 weeks and birth weight above 1,000
g. Infants with major chromosomal abnormalities,
congenital hematologic diseases, or severe hemor-
rhage and those who were transferred to another
hospital after birth due to the need for more inten-
sive care or other reasons were excluded. From
the medical records, we extracted data on the fol-
lowing variables : sex, gestational age, birth weight
and height, delivery method, multiple pregnancies,
presence of placental abruption, laboratory data at
birth (Hb, Ht, mean corpuscular volume [MCV],
mean corpuscular hemoglobin concentration
[MCHC], and absolute Ret, treatment for jaundice,
Hb at initiation of treatment, days of initiation of
treatment, breastfeeding status, treatment interven-
tion for anemia during admission, and number of
blood samplings. These variables were selected on
the basis of our clinical perspective and previous re-
ports™®.  Although the decision to initiate treat-
ment was made by the doctors, our institutional
guidelines recommend starting RBC transfusion at
an Hb level of 8 g/dL, and EPO and iron supplemen-

tation at an Hb level of 12 g/dL. EPO was injected
subcutaneously at 200 U/kg/dose twice a week and
iron supplementation was prescribed at 6 mg/kg/day.

All blood samples were collected using veni-
puncture or heel-prick methods. Although com-
plete blood counts using blood from different sites
are known to show differences in composition®*,
we could not categorize these differences since this
was a retrospective study. Hb, Ht, MCV, MCHC
and Ret were measured using a Sysmex XE-2100
(Sysmex Corporation, Kobe, Japan). Infants who
received =80% breast milk were considered to be in
the condition of “high-intensity breastfeeding,” ac-
cording to a previous study'”. Birth weight and
height were converted into two categories : (i) ap-
propriate for gestational age or (i1) SGA based on
standard values reported by the Japan Pediatric Soci-
ety’. Infants classified as light for gestational age
were also included in the SGA category. Each
blood sampling was classified as “small sampling” or
“large sampling” based on the sampling amount.
Acquisition of a single blood sample by one capillary
tube was defined as a “small sampling,” and sam-
pling of higher blood volumes was defined as a “large
sampling.” Small and large samplings were counted
separately, and these categories were classified by
inspection items in medical records. The estimated
amounts of blood loss in small and large samplings
were <0.3 and =0.3 mL, respectively. The present
study was approved by the institutional review hoard
of Yaizu City Hospital (approval No. 233), and in-
formed consent was obtained in the form of an opt-
out on the website. Those who refused to provide
consent were excluded.

Statistical analysis

Development of AOP was defined by the initia-
tion of any treatment for AOP, including RBC trans-
fusion, subcutaneous injections of EPO, and iron
supplementation. First, univariable analysis was
performed using the y* (chi-square) test for categor-
ical variables, the unpaired Student’s f-test and
Mann-Whitney U test for continuous variables. To
examine associations between the development of
AOP and variables, a multivariable logistic regres-
sion model was constructed while adjusting for po-
tential confounding factors, including sex, gestational
age, SGA status, cesarean delivery, twin birth, pla-
cental abruption, last maternal Hb before birth, labo-
ratory data at birth, breastfeeding status, treatment
for jaundice, and number of blood samplings. Mul-
tivariable logistic regression analysis was also used
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to examine the associations between the initiation of
subcutaneous EPO or iron supplementation and
variables adjusted for the same potential confound-
ers. Infants who received monotherapy with EPO
or iron supplementation or who received combina-
tion therapy with EPO and iron supplementation
were both included in the treated groups. To esti-
mate the performance of the models, statistically
significant variables were selected from the multi-
variable regression models, and a receiver operating
characteristic (ROC) analysis of AOP development
was performed. The cutoff point was obtained us-
ing Youden’s index analysis. The sensitivity and
specificity at the cutoff point were also calculat-
ed. Because sampling times could be strongly as-
sociated with gestational age, we evaluated interac-
tions between gestational age and sampling times.
No tested interaction was significant ; therefore, we
did not use any interaction term in the multivariate
model. In addition, a sensitivity analysis was per-
formed to define the development of AOP, which
was defined by the lowest Hb level during admission
<12 g/dL during hospitalization. Associations be-
tween the development of AOP and daily weight
gain or duration of parenteral nutrition were also in-
vestigated using the Mann-Whitney U test. The
threshold for significance was set at p <0.05. All
statistical analyses were conducted using STATA/
BE 17.0 (StataCorp, College Station, Texas, USA).

Results

Of the 407 infants enrolled in the present study,
we excluded 39 infants (nine were transferred to
other hospitals, three had unknown gestational ages,
one died on day 0 due to severe respiratory distress
syndrome, two had trisomy 21, one had hemophilia
A, and 33 had missing information) ; the remaining
358 infants were included in the analysis (Figure
1). We performed a complete case analysis. The
patient characteristics are shown in Table 1. The
infants were delivered at a median gestation period
of 34.4 weeks (interquartile range [IQR], 33.3-35.3
weeks), and their average birth weight was 1,993 +
397 g. Moreover, 21% of the infants (n = 75/358)
were categorized as showing an SGA status, 23% (n
= 84/358) had a twin birth, and 75% (» = 269/358)
were born via cesarean delivery. The Hb at birth
was 16.9 + 2.2 g/dL, and the Ret at birth was 25.1 +
6.5 x 10%uL. Among the included children, 44% (n
= 158/358) were treated for AOP. The Hb at treat-
ment initiation was 12.6 = 1.5 g/dL, and the corre-
sponding values at the initiation of EPO and iron

[ 407 infants assesed for eligibility ]

9 infants transferred to other hospitals
3 unknown gestational age
1 died on day 0 due to
severe respiratory distress syndrome
2 identified trisomy 21
1 identified hemophilia A

[ 391 infants were eligible ]
—)[ 33 had missing information ]
[ 358 infants enrolled ]

Fig. 1. Infant selection flow chart

supplementation were 13.0 = 1.3 g/dL and 12.7 =
1.5 g/dL, respectively.

Results of the univariable analysis and multi-
variable logistic regression model of the primary
outcome and treatment of AOP are shown in Table
2. In the univariable analysis, gestational age (p
<0.001), SGA status (p = 0.004), cesarean delivery
(p <0.001), maternal Hb before birth (p = 0.005),
high-intensity breastfeeding (p <0.001), number of
large samplings (p <0.001), and number of small
samplings (p <0.001) were significantly associated
with the development of AOP. Laboratory data at
birth, such as Hb (» = 0.03), MCV (» <0.001),
MCHC (» = 0.03), and Ret (p = 0.007) were signifi-
cantly associated with AOP treatment. Ht was ex-
cluded from the multivariable analysis because of its
high multicollinearity (variance inflation factor >
10). In multivariable analysis, SGA infants required
significantly higher administration of agents for AOP
treatment (odds ratio [OR], 7.17 ; 95% confidence
interval [CI], 2.15-23.9). Lower maternal Hb be-
fore birth (OR, 0.66 ; 95% CI, 0.49-0.87), infants
with low Hb at birth (OR, 0.71 ; 95% CI, 0.57-0.89),
and a higher number of large samplings (OR,
1.79; 95% CI, 1.40-2.29) also had significantly high-
er odds of receiving treatment for AOP. Cesarean
delivery, treatment for jaundice, number of small
samplings, MCV, MCHC, and Ret at birth were not
significantly associated with the treatment of
AQOP. Results of the sensitivity analysis are shown
in Table 3. Similar to the findings for the primary
outcome, SGA, Hb at birth, and number of large
samplings were significantly correlated with higher
odds of minimum Hb <12 g/dL during hospitaliza-
tion. On the other hand, maternal Hb before birth
was not significantly correlated with higher odds of
the outcome.
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Table 1.

Baseline characteristics of participants

All participants (n = 358)

Sex, male/female (1)

Gestational age (weeks)

Birth weight (g)

Birth height (cm)

SGA, n (%)

Caesarian section, 7z (%)

Twin birth, n (%)

Placental abruption, # (%)

Maternal Hb before birth (g/dL), mean (SD)
Laboratory data at birth

Hb (g/dL)

Ht (%)

MCV (L)
MCHC (%)
Ret (x10%/pL)

High intensity breastfeeding, n (%)

Treatment for jaundice, # (%)
No. of blood samplings

Large sampling (blood volume = 0.3 mL)

Small sampling (blood volume < 0.3 mL)

193/165
34.4 (33.3-35.3)
1,993 + 397
43.8 £ 2.8
75 (21)

269 (75)

84 (23)

14 (3.9)
109 = 1.4

16.9 = 2.2
494 = 6.4
108.6 + 6.1
342 +1.0
251 £6.5
103 (29)
220 (61)

5@-7
12 (8-15)

Continuous data are expressed as median (interquartile range) for gestation-
al age, large sampling, and small sampling or mean + SD for other variables.
SGA, small for gestational age ; Hb, hemoglobin ; Ht, hematocrit; MCV,
mean corpuscular volume ; MCHC, mean corpuscular volume ; Ret, abso-

lute reticulocyte count

Table 2. Patients’ primary outcomes

Treated Not treated P-value Adjusted Adjusted
(n = 158) (n = 200) OR (95% CI) P-value
Male, 7 (%) 78 (49) 115 (58) 0.13 0.93 (0.43-2.01) 0.86
Gestational age (weeks), median (IQR) 33.2(31.9-34.0) 35.1(34.6-35.6) <0.001 0.19(0.11-0.32) <0.001
SGA, n (%) 44 (28) 31 (16) 0.004  7.17(2.15-23.9)  0.001
Caesarian section, # (%) 133 (84) 136 (68) <0.001 1.52 (0.54-4.22) 0.43
Twin birth, # (%) 41 (26) 43 (22) 0.32 1.52 (0.61-3.80) 0.37
Placental abruption 9(.7) 5(2.5) 0.12 5.27 (0.75-36.8) 0.09
Maternal Hb before birth (g/dL), mean (SD) 10.7 (1.5) 11.1 (1.3) 0.005 0.66 (0.49-0.87) 0.004
Laboratory data at birth
Hb (g/dL), mean (SD) 16.7 (2.3) 17.1 (2.1) 0.03 0.71 (0.57-0.89)  0.003
MCV (fL), mean (SD) 110 (6.8) 107.6 (5.2) <0.001  0.94 (0.88-1.01) 0.12
MCHC (%), mean (SD) 34.3(1.2) 34.3(0.92) 0.03 0.93 (0.64-1.35) 0.69
Ret (x10%uL), mean (SD) 26.1(7.3) 24.4 (5.7) 0.007  0.94 (0.88-1.01) 0.10
High intensity breastfeeding, # (%) 67 (42) 36 (18) <0.001 0.49 (0.21-1.14) 0.10
Treatment for jaundice, 7 (%) 126 (80) 94 (47) <0.001 0.80 (0.30-2.10) 0.65
Number of blood samplings, median (IQR)
Large sampling 7 (6-9) 3(1-5) <0.001 1.79(1.40-2.29) <0.001
Small sampling 13 (10-21) 9(6-12) <0.001 0.98 (0.91-1.06) 0.58
Hb at the initiation of treatment (g/dL), mean (SD) 12.6 (1.5)

SGA, small for gestational age ; Hb, hemoglobin ; MCHC, mean corpuscular hemoglobin concentration ; MCV, mean
corpuscular volume ; Ret, absolute reticulocyte count
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Table 3.  Sensitivity analysis
Lowest Hb during Lowest Hb during
hospitalization hospitalization P-value Adjusted Adjusted
<12 g/dL =12 g/dL OR (95% CI)  P-value
(n =132) (n = 226)
Male, 7 (%) 64 (48) 129 (57) 0.12  0.92 (0.48-1.78) 0.82
Gestational age (weeks), median IQR) 33.4(31.7-34.2)  35.0(34.1-35.4) <0.001 0.48 (0.33-0.70) <0.001
SGA, n (%) 36 (27) 39 (13) 0.03  4.24 (1.60-11.2) 0.004
Caesarian section, n (%) 112 (85) 157 (69) <0.001 1.03(0.43-2.47) 0.95
Twin birth, n (%) 31 (23) 53 (23) 0.99 0.88(0.40-1.95) 0.76
Placental abruption 6 (4.5) 8(3.5) 0.64 1.52(0.35-6.66) 0.58
Maternal Hb before birth (g/dL), mean (SD) 10.8 (1.5) 11.0 (1.3) 0.14  0.92(0.72-1.17)  0.52
Laboratory data at birth
Hb (g/dL), mean (SD) 16.2 (2.3) 17.3 (2.0) <0.001 0.52 (0.42-0.65) <0.001
MCYV (fL), mean (SD) 110 (6.7) 108 (5.6) <0.001 1.01(0.95-1.07) 0.77
MCHC (%), mean (SD) 34.1(1.1) 34.3 (1.0) 0.009 1.00 (0.95-1.06)  0.86
Ret (x10%pL), mean (SD) 26.2 (7.2) 24.6 (6.0) 0.01 1.01(0.95-1.06) 0.86
High intensity breastfeeding, # (%) 53 (40) 50 (22) <0.001 0.84 (0.42-1.70)  0.63
Treatment for jaundice, 7 (%) 102 (77) 118 (52) <0.001 0.86 (0.36-2.04) 0.73
Number of blood samplings, median (IQR)
Large sampling 7.5 (6-10) 3(2-5) <0.001 1.35(1.14-1.59) <0.001
Small sampling 13 (10-21) 9(7-13) <0.001 1.09(1.02-1.16) 0.01

SGA, small for gestational age ; Hb, hemoglobin ; MCHC, mean corpuscular hemoglobin concentration ; MCV, mean

corpuscular volume ; Ret, absolute reticulocyte count

The results of multivariable logistic models for
EPO administration and iron supplementation are
shown in Table 4 and 5. Infants with an SGA status
(OR, 3.67; 95% CI, 1.35-9.99) and a higher number
of large samplings (OR, 1.42; 95% CI, 1.17-1.73)
had significantly higher odds for administration of
EPO. Infants with an SGA status (OR, 3.67; 95%
CI, 1.51-16.1), low maternal Hb before birth (OR,
0.66 ; 95% CI 0.50-0.88), lower Hb at birth (OR,
0.75; 95% CI, 0.60-0.93), and a high number of
large samplings (OR, 1.70; 95% CI, 1.34-2.16)
showed significantly higher odds of iron supplemen-
tation. Thus, we selected gestational age, SGA
status, maternal Hb before birth, Hb at birth, and
number of large samplings as variables significantly
associated with the primary outcome, and we used
these five variables for the ROC analysis. The
ROC analysis for the primary outcome is shown in
Figure 2. The area under the curve was 0.953 for
the development of AOP. The sensitivity and spec-
ificity at the cutoff point were 0.91 and 0.88, respec-
tively. Results of the analysis of associations be-
tween development of AOP and duration of
parenteral nutrition and daily weight gain are shown
in Table 6. No significant association was observed
among those factors.

Discussion

The aim of this study was to investigate the
predictive factors of AOP treatment in premature in-
fants born at 30-35 weeks. We adjusted the factors
assessed during admission to evaluate the predictive
factors for AOP treatment. Our findings showed
that a lower Hb at birth was significantly correlated
with a higher incidence of AOP treatment. Other
factors, such as SGA status, maternal Hb before
birth, and number of large samplings, were also as-
sociated with a higher incidence of AOP treat-
ment. The major strength of this study is that it in-
vestigated AOP treatment in preterm infants born at
30-35 weeks’ gestation, which has not been well ad-
dressed previously, and revealed an association be-
tween laboratory data at birth and the need for AOP
treatment among these preterm infants.

To the best of our knowledge, this is the first
study to investigate the association between labora-
tory data at birth and AOP treatment in infants born
at 30-35 weeks’ gestation. Although almost all
ELBW infants need treatment for AOPY, other pre-
term infants do not always require treatment for
AOP.  Since routine use of EPO is not recommend-
ed', initiation of adequate treatment of AOP in
high-risk preterm infants is important. Thus, if the
need for AOP treatment in these preterm infants
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Table 4. Patients’ secondary outcomes for administration of erythropoietin
Treated Not treated P-value Adjusted OR  Adjusted
(n = 110) (n = 248) (95% CI) P-value
Male, n (%) 54 (49) 139 (56) 0.22  1.22 (0.59-2.53) 0.59
Gestational age (weeks), median (IQR) 32.8 (31.6-33.7) 35.0(34.1-35.4) <0.001 0.28 (0.18-0.42) <0.001
SGA, n (%) 32 (29) 43 (17) 0.01  3.67(1.35-9.99) 0.01
Caesarian section, # (%) 96 (87) 173 (70) <0.001 2.36(0.89-6.27) 0.09
Twin birth, z (%) 28 (25) 56 (23) 0.55  1.73 (0.74-4.07) 0.21
Placental abruption, 7z (%) 5(4.5) 9 (3.6) 0.68  1.75(0.34-8.95) 0.50
Maternal Hb before birth (g/dL), mean (SD) 10.8 (1.6) 11.0 (1.3) 0.07  0.79 (0.62-1.02) 0.07
Laboratory data at birth
Hb (g/dL), mean (SD) 16.7 (2.2) 17.0 (2.2) 0.20  0.90 (0.74-1.08) 0.26
MCYV (L), mean (SD) 110 (6.7) 108 (5.7) 0.01  0.92 (0.86-0.98) 0.01
MCHC (%), mean (SD) 34.2 (1.1) 34.2 (1.0) 0.28  1.12 (0.80-1.56) 0.50
Ret (x10%uL), mean (SD) 26.4 (7.8) 24.6 (5.7) 0.007  0.95 (0.90-1.01) 0.12
High intensity breastfeeding, » (%) 47 (43) 56 (23) <0.001 0.65(0.31-1.35) 0.25
Treatment for jaundice, 7 (%) 93 (85) 127 (51) <0.001 1.08 (0.41-2.84) 0.88
Number of blood samplings, median (IQR)
Large sampling 8 (6-10) 3(2-5) <0.001 1.42(1.17-1.73) <0.001
Small sampling 14 (10-21) 9(7-13) <0.001 0.96 (0.90-1.02) 0.23
Days at the initiation of treatment (days), mean (SD) 17.6 (6.8)
Hb at the initiation of treatment (g/dL), mean (SD) 13.0 (1.3)

SGA, small for gestational age ; Hb, hemoglobin ; MCHC, mean corpuscular hemoglobin concentration ; MCV, mean
corpuscular volume ; Ret, absolute reticulocyte count

Table 5. Patients’ secondary outcomes for administration of iron supplementation

Treated Not treated P-value adjusted OR adjusted
(n =152) (n = 206) (95% CI) P-value
Male, n (%) 75 (49) 118 (57) 0.14  0.85(0.39-1.85) 0.68
Gestational age (weeks), median (IQR) 33.0 (31.9-34.0) 35.1(34.6-35.6) <0.001 0.21(0.12-0.34) <0.001
SGA, n (%) 42 (28) 33 (16) 0.008 4.92(1.51-16.1)  0.008
Caesarian section, n (%) 128 (84) 141 (68) 0.001 1.13(0.40-3.19) 0.82
Twin birth, # (%) 40 (26) 44 (21) 0.55  1.88 (0.74-4.79) 0.19
Placental abruption 9(5.9) 5(2.4) 0.09  6.03 (0.89-40.8) 0.07
Maternal Hb before birth (g/dL), mean (SD) 10.7 (1.5) 11.1 (1.3) 0.010  0.66 (0.50-0.88)  0.005
Laboratory data at birth
Hb (g/dL), mean (SD) 16.7 (2.3) 17.0 (2.1) 0.05  0.75 (0.60-0.93) 0.01
MCYV (fL), mean (SD) 110 (6.5) 107 (5.4) <0.001 0.99 (0.92-1.06) 0.80
MCHC (%), mean (SD) 34.1 (1.1 34.3(0.93) 0.007  0.81 (0.55-1.19) 0.29
Ret (x10%/uL), mean (SD) 26.2 (7.3) 24.3 (5.7) 0.003  0.95 (0.89-1.01) 0.12
High intensity breastfeeding, # (%) 65 (43) 38 (18) <0.001 0.48 (0.21-1.11) 0.09
Treatment for jaundice, 7 (%) 123 (81) 97 (47) <0.001 0.80 (0.30-2.11) 0.65
Number of blood samplings, median (IQR)
Large sampling 7 (6-9) 3(1-5) <0.001 1.70 (1.34-2.16) <0.001
Small sampling 13.5 (10-21) 9 (6-12) <0.001 1.00 (0.93-1.08) 0.95
Days at the initiation of treatment (days), mean (SD) 24.7 (7.3)
Hb at the initiation of treatment (g/dL), mean (SD) 12.7 (1.5)

SGA, small for gestational age ; Hb, hemoglobin ; MCHC, mean corpuscular hemoglobin concentration ; MCV, mean
corpuscular volume ; Ret, absolute reticulocyte count
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Sensitivity: 0.91
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Area under ROC curve = 0.953

Fig. 2. Receiver operating characteristic curve of the

multivariable logistic regression model using sta-
tistically significant variables to detect the devel-
opment of anemia of prematurity.
We selected gestational age, hemoglobin level at
birth, small for gestational age or light for gesta-
tional age, last maternal hemoglobin level before
birth, and number of large blood samplings as the
variables. The cutoff point was investigated us-
ing Youden’s index test. The sensitivity and
specificity at the cutoff point are shown.

can be predicted, initiation of treatment or measures
to reduce unnecessary medical interventions that
cause AOP development in high-risk infants can be
initiated promptly. Considering the treatment
threshold for AOP among infants born at 30-35
weeks’ gestation, assessments based on the data at
birth are important for preventing unnecessary Hb
decline.

Because neonates experience a rapid decline in
Hb due to erythrocyte destruction, a higher Hb is
generally considered to indicate an advantage in pre-
venting AOPY. Although early preterm infants
have low Hb and iron stores at birth*>'®, the correla-
tion between Hb at birth and the need for AOP
treatment is unknown. This study demonstrated
that a lower Hb at birth correlated with a higher in-
cidence of AOP treatment, with the analysis adjusted
for gestational age. Interestingly, no association
was observed between Hb at birth or maternal Hb
before birth and the initiation of EPO treatment, al-
though low Hb at birth and maternal Hb before birth
were significantly correlated with the initiation of

iron supplementation. The vast majority of iron
stores in neonates are formed by transplacental
transport from the mother during the third trimester
of pregnancy”. Rapid Hb decline in early infancy is
understood to be a result of the transition from fetal
to mature hemoglobin and the lack of erythropoie-
sis”. Thus, high Hb at birth may reflect higher iron
storage in neonates, and may not mean sufficient
production of EPO in neonates.

Another factor, Ret, is generally used as a pa-
rameter of anemia and erythropoiesis ; however, the
role of Ret in premature infants has not been well
elucidated. Although reticulocyte hemoglobin
equivalent has been reported to be a useful marker
of iron and erythropoiesis in pediatric dialysis'”, this
marker is not routinely measured in neonatal inten-
sive care unit settings. Although Ret is known to
be a marker of hematopoiesis and is more prevalent
than reticulocyte hemoglobin content', the useful-
ness of Ret at birth to predict AOP treatment has
not been clarified. The correlation between Ret at
birth and the development of AOP was not proven in
this study. The reticulocyte hemoglobin equivalent
was reported to be a more relevant marker of iron
status in pediatric end-stage kidney disease'”. In
addition, reticulocyte hemoglobin content has been
reported to be an attractive marker for detecting
iron deficiency'®®”. In this study, of the reticulo-
cyte-related markers, we only evaluated Ret at
birth. Further studies on the other markers are
needed.

SGA infants showed a higher incidence of AOP
development and a higher incidence of iron supple-
mentation and EPO administration. Although the
relationship between the need for AOP treatment
and SGA status has not been well elucidated, rapid
body growth after birth is considered to affect AOP
development®. In addition, a correlation between
maternal anemia during pregnancy and SGA status
has been reported®”. This study showed a correla-
tion between development of AOP and maternal Hb
before birth. Although we could not investigate
iron levels at birth due to lack of data, previous re-
ports and the present study suggest that SGA in-
fants could have low iron storage due to low supply

Table 6. Association between treatment for anemia of prematurity and duration of parenteral nutri-

tion or daily weight gain

Treated Not treated P-value
(n = 158) (n = 200)
Duration of parental nutrition, median (IQR) 9(7-11) 7 (5-10) 0.10
Daily weight gain during admission, median (IQR) 32.9(29.0-37.9) 32.3(27.0-37.2) 0.27
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from their mothers during pregnancy, and they may
tend to need AOP treatment. Consequently, early
initiation of EPO and iron supplementation is recom-
mended for SGA infants.

Since phlebotomy loss is regarded as a major
contributor to AOP, reduction of the volume of blood
collected for laboratory testing should be consid-
ered, especially in ELBW infants”. For example,
the use of an in-line blood gas and chemistry moni-
tor in ELBW infants was shown to reduce the num-
ber and volume of RBC transfusions®. Additional-
ly, blood sampling stewardship for reducing
phlebotomy loss in ELBW infants reduced the rate
of multiple RBC transfusions”. However, the effect
of phlebotomy reduction strategies among moder-
ate-to-late preterm infants has not been clari-
fied. This study revealed that a larger volume of
blood loss, such as that caused by multiple large
samplings, was likely to result in the development of
AOP even in infants born at 30-35 weeks’ gesta-
tion. The in-line blood sampling method is usually
not used in moderate-to-late preterm infants be-
cause they show less severe conditions than ELBW
infants and are not likely to be placed on arterial
catheters for continuous invasive monitoring. Con-
sequently, efforts to reduce the amount of phleboto-
my in preterm infants other than ELBW infants are
still warranted. Therefore, unnecessary large sam-
pling should not be performed even in moderate to
late preterm infants.

This study had some limitations. The first
major limitation of this study is that it was a retro-
spective study, and information obtained from medi-
cal records, such as iron status at birth, was limit-
ed. Second, the indications for treatment were
based on the physician’s decision ; therefore, uni-
formity of treatment could not be secured. To ad-
dress this point, we used the institutional guidelines
for the threshold for treatment of AOP and per-
formed sensitivity analysis using the minimum Hb
during admission, and the results were similar to
those of the primary analysis. Despite these limi-
tations, however, our results newly revealed poten-
tial risk factors for the development of AOP in mod-
erate- to late-preterm infants. Finally, we could
not evaluate the effects of “delayed cord clamping”*”
or “umbilical cord milking”® on anemia, because of
data insufficiency. Delayed cord clamping signifi-
cantly reduces hospital mortality and increases the
Hct value without major adverse events™?”.  Um-
bilical cord milking may be effective in reducing
RBC transfusion, and its benefits are under discus-
sion®?®.  Further prospective studies are needed

to reveal the correlation between these factors and
AOP in moderate-to-late preterm infants.

In conclusion, gestational age, SGA status, ma-
ternal Hb before birth, low Hb at birth, and a high
number of large blood samplings were positively as-
sociated with the development of AOP among in-
fants born at 30-35 weeks’ gestation. These vari-
ables can be possible risk factors for the
development of AOP in infants born at 30-35 weeks’
gestation. Further studies are needed to evaluate
the effect of AOP development on these variables.
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