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Serum heme oxygenase 1 (HO-1), soluble FMS like tyrosine kinase (sFlt-1) level,
and neonatal outcome in early onset, late onset preeclampsia, and normal
pregnancy
Muhammad Ilham Aldika Akbara, Mita Herdiyantinia, Rozi Aditya Aryanandaa, Nareswari CInintaa,
Manggala Pasca Wardhanaa, Khanisyah Erza Gumilara, Budi Wicaksonoa, Ernawatia, Agus Sulistyonoa,
Aditiawarmana, Hermanto Tri Joewonoa, Nadir Abdullaha, Gustaaf Dekkera,b, Erry Gumilar Dachlana,
and Muhammad Dikman Angsara

aDepartment Obstetrics & Gynecology, DR. Soetomo – UNAIR Hospital, Universitas Airlangga, Surabaya, Indonesia; bDepartment Obstetrics &
Gynecology, Lyell Mc Ewin Hospital, The University of Adelaide, Adelaide, Australia

ABSTRACT
Objective: To compare the level of serum heme oxygenase 1 (HO-1), soluble FMS like tyrosine
kinase (sFlt-1), and neonatal outcome in early onset preeclampsia (EO-PE), late onset preeclampsia
(LO-PE), and normal pregnancy (NP).
Methods: In this prospective observational case control study, HO-1 and sFlt-1 levels were
measured in blood samples within 24 h of hospital admission. Preeclampsia cases were divided
into two groups based on gestational age at delivery: EO-PE (<34 weeks) and LO-PE (≥34 weeks).
A total of 45 patients were involved in this study.
Result: Maternal serum level of sFlt-1 was higher in EO-PE than LO-PE and NP groups (mean ± SD;
14.50 ± 17.12 ng/ml vs 5.20 ± 6.69 ng/ml vs 2.72 ± 1.2 ng/ml [p = 0.020]. Maternal serum level of
HO-1 was not different between EO-PE, LO-PE, and NP groups (p = 0.681). Birthweights were
significantly lower in the EO-PE group compared with the LO-PE and NP groups (1580 ± 536 g vs
2635 ± 578 g vs 3010 ± 371 g [p = 0.000]). The rate of small for gestational age infant (26.7% vs
6.7% vs 0%; p = 0.046) and perinatal death (20% vs 0 vs 0; p = 0.037) was also significantly higher
in EO-PE compared to LO-PE and NP. The maternal sFlt-1 level was negatively correlated with
birthweight (p = 0.006; CC = −0.445).
Conclusion: This study did not find a correlation between maternal HO-1 levels and sFlt-1 levels.
Maternal serum sFLt-1 levels in preeclampsia were higher in EO-PE and were associated with a
worse perinatal outcome.
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Introduction

Preeclampsia is one of the leading causes of maternal–
fetal mortality and morbidity worldwide, in particularly
in developing countries. It is characterized by new
onset of hypertension and proteinuria after 20 weeks
of gestation, and variable degrees of placental involve-
ment as reflected in a higher rate of intra-uterine
growth restriction (IUGR) and iatrogenic preterm
birth (1). Hypertensive disorders of pregnancy compli-
cate roughly 5–10% of pregnancies, and are responsible
for about 25,000 maternal deaths in Africa, 22,000 in
Asia, 3,800 in Latin America and Caribbean, and 150 in
industrialized countries (2). Preeclampsia has been
divided into early and late onset preeclampsia based
on the onset of the disease, with 34-weeks gestational
age at time of birth as cut-off. These two phenotypes of

PE have different clinical characteristics, most likely
different key pathophysiological pathways involved,
and also a different perinatal prognosis. Early onset
preeclampsia (EO-PE) is mostly associated with more
severe placental lesions, a higher rate of severe maternal
clinical manifestations, fetal complications (IUGR, pla-
cental abruption), and worse perinatal prognosis com-
pared to late onset preeclampsia (LO-PE) (3).

Research on the final common pathway leading to
the characteristic endothelial cell dysfunction has
recently focused on an imbalance between circulating
angiogenic and anti-angiogenic factors following the
landmark study of Karumanchi’s group (4). The
maternal syndrome preeclampsia develops because
overexpression of circulating anti-angiogenic factors
and low level of angiogenic factors causing endothe-
lial dysfunction. The main pro-angiogenic factors
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consist of Vascular Endothelial Growth Factor
(VEGF) and Placental Growth Factor (PlGF), which
regulate endovascular cytotrophoblast invasion, vascu-
lar growth in placenta, and maternal endothelial cell
function. The main anti-angiogenic factors contribut-
ing to the maternal manifestations of preeclampsia are
soluble FMS like tyrosine kinase 1 (sFlt-1) and soluble
endoglin (sEng) (5). sFlt-1 is a VEGF-soluble receptor
which acts as VEGF and PIGF antagonist by inhibit-
ing angiogenic factor interaction with the endothelial
VEGF receptor on the cell surface, inducing endothe-
lial dysfunction (5,6). Several studies have demon-
strated that the imbalance between angiogenic and
anti-angiogenic factor is significantly related, in time
and severity, with clinical manifestation of preeclamp-
sia. The PELICAN study has shown that a low level of
PlGF can predict women with preeclampsia requiring
delivery within 14 days (7–11).

One recent concept proposes that preeclampsia is
caused by a failure of one of the key pregnancy protection
systems during pregnancy, in addition to the aforemen-
tioned imbalance of angiogenic and anti-angiogenic fac-
tor. One of this early pregnancy protection systems
known today is the heme oxygenase (HO)/carbon mon-
oxide (CO) pathway (12,13). HO is an endoplasmic reti-
culum enzyme which serves to degrade heme to produce
biliverdin, free iron, and CO in proportional amount. HO
has two isoforms: HO-1 and HO-2. In mammalian tissue,
HO-1 is induced by heme substrate, heavy metal, and
other stimuli causing oxidative stress such as peroxyni-
trite, lipid, hypoxia, hyperoxia, ischemia, reperfusion,
hyperthermia, and endotoxic shock (12). The potential
mechanism by which HO-1 may exert a protective effect
in normal pregnancy includes: (1) Regulation of uNK cell
survival and angiogenic factors in the placental bed; fun-
damental in the spiral artery remodeling process, (2)
protection of trophoblast cells from cellular destruction,
(3) production of CO which is protective to pregnancy,
(4) indirect stimulation of the production of VEGF and
PIGF through CO, and (5) suppression of the production
and secretion of antiangiogenic factors (sFlt-1 and sEng)
(13–17). These five mechanisms have been proposed to
directly or indirectly protect the pregnancy and reduce
the preeclampsia risk (12).

Maternal-neonatal clinical manifestations appear to
differ between EO-PE and LO-PE. EO-PE is mostly
associated with superficial cytotrophoblast invasion in
the spiral arteries and as such often displays abnormal
uterine Doppler flow patterns, impaired fetal growth,
and poorer maternal–neonatal outcomes. On the other
hand, LO-PE generally is mostly associated with normal
uterine artery Doppler flow resistance indices, normal
fetal growth, and no adverse perinatal outcome (3,11).

We hypothesized that this discrepancy might be
related to the difference levels of maternal serum HO-
1 versus sFlt-1. The aims of the current study were
therefore to evaluate the differences in fetal outcomes
(infant birth weight, birth weight centiles, 1- and
5 min-Apgar scores) between these two subtypes of
preeclampsia, in relation to maternal serum levels of
HO-1 and sFlt-1, in an Indonesian population.

Methods

This was an observational cross-sectional study. The
study was conducted in Dr. Soetomo Hospital (the
main tertiary referral hospital in East Java), and the
University of Airlangga University Hospital between
January and May 2016.

Study population

The study population consisted of all preeclampsia
patients admitted during this 5-month period.
Inclusion criteria were singleton pregnancy diagnosed
with preeclampsia with severe features. None of these
patients were smoking. Blood samples were taken
consecutively from all preeclamptic patients fulfilling
the inclusion criteria and a control group. Patients
were divided into three groups: control, EO-PE and
LO-PE groups, each consisting of 15 patients. The
control group consisted of normal pregnant women
between 20 and 40 weeks gestation, matched by gesta-
tional age with the preeclampsia subgroups. Early and
late onset preeclampsia groups were defined using
34 weeks gestational age as cut-off. Preeclampsia was
diagnosed in line with the International Society for the
Study of Hypertension in Pregnancy (ISSHP) criteria
(2014), i.e. new onset of hypertension (blood pressure
greater than 140/90 mmHg) after 20 weeks gestation
with the coexistence of one of the following: protei-
nuria, maternal organ dysfunction, and/or IUGR (18).
After diagnosis of preeclampsia was confirmed, and
the patient had been stabilized, blood samples were
taken, typically within 2 h after hospitalization, and
not more than 24 h. The patients were followed until
delivery, and neonatal outcomes (gestational age at
delivery, birthweight, birthweight centile, Apgar
score, oligohydramnios, Small Gestational Age
(SGA), Intra Uterine Fetal Death (IUFD), NICU
admission, and perinatal death) were recorded.
Gestational age was recorded at delivery based on
certain last menstrual periods or first-trimester ultra-
sound dating. Newborn birth weight was measured at
delivery, and INTERGROWTH calculator determined
the birth weight percentile. Oligohydramnions was
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determined by ultrasound using criteria: amniotic
fluid index <8 cm or single deepest pocket <2 cm.
SGA was defined as a birth weight percentile <10.
IUFD was diagnosed by loss of heart beat in 2D,
M-Mode or Doppler examination using ultrasound,
in any stage of pregnancy. NICU admission was
defined as a newborn need a special care in NICU,
without considering the duration of care. Perinatal
death was defined using WHO criteria as a fetal
death in utero (stillbirth) above 20 weeks gestation
until 7 days after delivery.

Blood samples and assays

A quantity of 15 ml of blood sample was collected from
untecubital vein into tube. Blood sample was left coa-
gulated for 30 min, then centrifuged 2400 g for 10 min
before put into fresh tube and stored at <20°C in
refrigerator for later examination. Serum heme oxyge-
nase 1 (HO-1) level was measured using HO-1
StressXpress ELISA Kit using quantitive sandwich
enzyme immunoassay technique. While serum sFlt-1
level was measured using separate kit, Quantikine
Human VEGF-R1 Kit with simple enzyme-linked
immunosorbent assay (ELISA) methods. Laboratory
staff completing the assays were blinded regarding the
status of the patient (control versus preeclampsia).

Signed informed consent was obtained from all
participating patients.

The ethical clearance of this study has been
approved by Dr. Soetomo Medical Research Ethical
Committee.

Result

Clinical characteristics and risk factors

The general characteristics and risk factors in every
group are presented in Table 1. There were, as expected,
significant differences among three groups in maternal
age, gestational age during recruitment and delivery, and
preexisting chronic hypertension. Preeclampsia groups
tended to be older compared to normal control group
in this study. Preexisting hypertension was more com-
mon in EO-PE group. Additional risk factors such as
diabetes mellitus, renal disease, rheumatic disease, anti-
phospholipid syndrome, and history of familial pree-
clampsia were not found in any group.

Maternal serum heme oxygenase-1 and sFlt-1 level

This study found very similar maternal serum HO-1
level in the three subgroups (4.55 ± 0.98 vs 4.80 ± 1.32
vs 4.4 ± 1.08, p = 0.681) (Table 2, Figure 1). The level of
sFlt-1 was higher in EO-PE compared with LO-PE and
the control group (14.50 ± 17.12 ng/ml vs
5.20 ± 6.69 ng/ml vs 2.72 ± 1.2 ng/ml; p = 0.020). But
there was no significant difference between maternal

Table 1. Characteristic and risk factors in early onset PE, late onset PE, and control groups.
Early onset preeclampsia Late onset preeclampsia Control ρ

Maternal Age (years) 32.94 + 5.66 33.88 + 6.58 28.9 + 6.0 0.036*
Body Mass Index (kg/m(2)) 28.22 + 5.68 28.82 + 5.19 25.56 + 4.92 0.172
Chronic Hypertension 18% 0% 0% 0.027*
Parity
Primi 43.8% 12.5% 28.6% 0.208
Multi 43.8% 68.8% 61.9%
Grande Multi 12.5% 18.8% 9.5%
Obesity 31.2% 18.8% 9.5% 0.253
Previous PE 0% 12.5% 0% 0.095
IVF Pregnancy 6.2% 0% 0% 0.315

*ρ < 0.05.

Table 2. Maternal serum level of HO, sFLT1, and neonatal outcome in early onset PE, late onset PE, and control groups.
Early onset preeclampsia Late onset preeclampsia Control ρ

Gestational age at recruitment 31.0 + 2.59 36.83 + 1.85 33.46 + 3.90 0.001*
Gestational age at delivery 32.67 + 1.303 36.83 + 1.850 38.23 + 1.103 0.000*
Birthweight 1580.33 + 536.93 2635.83 + 578.28 3010 + 371.69 0.000*
Birthweight Percentile 25.91 + 27.06 33.13 + 22.31 34.93 + 26.64 0.654
Apgar score minutes 1 5.25 + 2.67 6.33 + 1.87 7.15 + 1.41 0.047
Apgar score minutes 5 6.75 + 2.63 7.75 + 1.01 8.23 + 1.17 0.069
Oligohydramnios 2 (13.3%) 0 0 0.117
SGA (P <10th) 4 (26.7%) 1 (6.7%) 0 0.046*
IUFD 2 (13.3%) 0 0 0.117
NICU admission 7 (46.7%) 5 (33.3%) 2 (13.3%) 0.088
Perinatal death 3 (20%) 0 0 0.037*
HO 4.55 + 0.98 4.80 + 1.32 4.4 + 1.08 0.681
sFlt1 14.50 + 17.12 5.20 + 6.69 3.04 + 1.88 0.023*

*ρ < 0.05.
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serum sFlt-1 in LO-PE and NP, as seen in Table 2 and
Figure 2. Importantly, we did not find a significant
correlation between maternal serum sFlt-1 and HO-1
level (p = 0.240).

Neonatal outcome

Gestational age at birth was, by definition, significantly
different between EO-PE vs LO-PE vs control groups
(32.67 + 1.303 vs 36.83 + 1.850 vs 38.23 + 1.103 weeks),
respectively. This was in conjunction with difference in
infant birth weight, which was lower in EO-PE rather
than LO-PE and control group (1580 ± 536 vs
2635 ± 578 vs 3010 ± 371 g; p = 0.000). Regarding
birthweight centiles, using the INTERGROWTH calcu-
lator, there was no difference in the mean birthweight
centiles between the three groups (25.91 + 27.06 vs

33.13 + 22.31 vs 34.93 + 26.64; p = 0.654). However,
the rate of SGA infants (birthweight percentile <10th)
(26.7% vs 6.7% vs 0%; p = 0.046) and perinatal mortal-
ity (20% vs 0 vs 0; p = 0.037) were significantly higher
in EO-PE than LO-PE and control group. Other para-
meters such as minute-1 and minute-5 Apgar scores,
incidence of oligohydramnios, stillbirth, and admission
to NICU showed no differences between the three
groups (Table 2).

The maternal sFlt-1 level was negatively correlated
with actual birthweight (p = 0.006; CC: −0.445), while
HO-1 levels had a negative correlation with the 5-min
Apgar score (p = 0.035; CC: −0.348)(Table 3).

Discussion

This study found that the maternal serum level of HO-1
was quite similar in EO-PE vs LO-PE and vs normal
control pregnant women, and the HO-1 levels did not
show any correlation with sFlt-1 levels. Maternal HO-1
levels were not significantly correlated with any neona-
tal outcome, except the neonatal Apgar score (likely
reflecting a coincidental finding).

In line with the existing literature, the maternal sFlt-
1 level in the EO-PE group was significantly higher
than LO-PE and control group, while the sFlt-1 levels
in the LO-PE group were not different when compared
with the control group (Table 2) (19–21). This finding

Figure 1. Plot distribution of maternal serum HO level in early onset PE, late onset PE, and control groups, based on gestational age.
(Blue dot indicate EO-PE, red dot indicate LO-PE, and normal control groups as green dot).

Table 3. Correlation between maternal serum level of HO,
sFLT1, and neonatal outcome.
Variable P Coefficient correlation

HO – birthweight 0.842 −0.034
HO – percentile birthweight 0.215 -−0.209
HO – Apgar score min 1 0.041 −0.338
HO – Apgar score min 5 0.035* −0.348
sFlt1 – birthweight 0.006* −0.445
sFlt1 – Percentile birthweight 0.085 −0.287
sFlt1 – Apgar score min 1 0.222 −0.206
sFlt1 – Apgar score min 5 0.273 −0.185
HO – sFlt1 0.240 −0.198

* ρ < 0.05
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is in accordance with previous studies, showing the
placental involvement/lesion in EO-PE, being minimal
or absent in LO-PE. In terms of neonatal outcome, the
maternal sFlt-1 level was significantly correlated with
birthweight (p = 0.006, CC = −0.445).

Several studies have proposed that HO-1 is protec-
tive against preeclampsia by suppressing anti angio-
genic factor activity, especially sFlt-1 and sEng.
Previously, it has been shown that HO-1 deficiency in
the placenta is associated with elevated sFlt-1 levels and
preeclampsia itself (12,17,22). However, the maternal
serum HO-1 levels and its association with PE are still
unclear, because various studies had different results. In
the current study, we did not find any significant dif-
ference in maternal serum HO-1 levels between the
three subgroups. This finding is in line with some
studies (23,24), but contradict others describing
increased levels of serum HO-1 in preeclampsia groups
(25–27). Vitoratos et al. were the first to study the
relationship between maternal serum HO-1 and pree-
clampsia, involving 31 pregnant women divided into
Severe PE, Mild PE, and control groups, measured at
30–34 weeks. HO-1 serum levels were measured using
assay kit (EKS-800, StressXpress, New York, USA) with
ELISA methods. Inter-assay and intra-assay variability
was less than 10%. The severe PE group had signifi-
cantly higher serum HO-1 levels compared to mild PE
and normotensive groups. Maternal serum HO-1 levels

were positively correlated with mean blood pressure
(26). Erdemli HK et al. had similar results in their
case control study involving 33 pregnant PE women
with 43 normotensive pregnant women (samples taken
at 27–34 weeks gestation). HO-1 serum levels were also
measured using ELISA methods with available assay kit
(Cusabio Biotech Co., Houston, USA. human hemeox-
ygenase 1, Lot no:N241161072), with intra-assay varia-
bility around 4%. Serum HO-1 levels were significantly
higher in PE group compared with the control group
(76.7 vs 55.9 ng/ml; p = 0.006), and a positive correla-
tion was found between HO-1 levels with presence sign
of preeclampsia (r = 0.316; p = 0.005) (25).

Karthikeyan et al. found no differences between
serum HO-1 levels in their study involving 38 PE
pregnant women and 38 normotensive pregnant
women, in line with our findings (24). Also Varol
et al. found no significant differences in serum HO-1
levels between severe and mild PE (total 46 cases) in
their study (23). Serum HO-1 levels in both studies
were measured using ELISA methods with different
assay kits (Stressgen, Ann Arbor vs Cusabio Biotech
Co Ltd) (23,24). The explanation for these divergent
results is not clear, but may reflect differences in patient
severity. In addition, although aforementioned papers
used ELISA methods, different assay kits were used in
these studies. However, importantly all these studies,
including the current study agree on the fact that a lack

Figure 2. Plot distribution of maternal serum sFlt-1 level in early onset PE, late onset PE, and control groups, based on
gestational age.
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of HO-1 (as measured in the peripheral circulation) is
apparently not the main explanation for the increased
maternal sFlt-1 levels.

The data of the current study and the aforementioned
studies indicate that maternal serum HO-1 is not the
main defense mechanism against oxidative stress in sys-
temic circulation (28). Further research, in particularly
longitudinal studies, will be required to arrive at a better
understanding on how changes in placental HO-1
expression relate to the maternal the serum HO-1 level
in normal and pathological pregnancies (25).

Conclusion

This study did not find any difference between mater-
nal serum HO-1 level of EO-PE, LO-PE, and normal
pregnancy. Serum HO-1 levels also did not show any
correlation with fetal outcome. Serum sFlt-1 levels were
higher level in EO-PE compared with LO-PE and nor-
mal pregnancies, and increased sFlt-1 were associated
with a worse perinatal outcome.
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